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TETROXIDE 


an outstanding oxidant 7 


liquid propellants. 

Read Why! 
Nitrogen Tetroxide offers numerous outstanding ad- 
vantages as an oxidant for liquid rocket propellants. 

The combination of many factors necessary for ef- 
ficient operation and handling makes it uniquely 
suitable in some applications and at a cost that is 
attractive. 


Consider these advantages! np 


] ENERGY —performance an ‘that of hydrogen 
peroxide, red and white fuming nitric acid, 
mixed acids. 


2 EASILY AVAILABLE— by the cylinder or by the ton. 


3 EASY TO HANDLE-—shipped, piped, stored in or- 
dinary carbon steel. Has high chemical stability. 


4 DENSITY—compares favorably with other 
oxidants. 


Under vigorous rocket conditions, ALL the oxygen 
jy is used. This means that the Nitrogen Tetroxide is 
used completely with no waste products to eliminate. 


, NO, compares favorably with the best ° Write today for full details. Available in 125-lb. steel 
, propellants in every important category: cylinders, and 2000-lb. containers. 
‘ Boiling Point 21°C 
s \ > 
® \2 
' Latent Heat of Vaporization..99 cal/gm @ 21°C “See 
Critical Pressure | TR G a D | KY | 0 
Density OF Liquid 1.45 at 20°C " Sinan: 4, 
Availability Ammonia * Sodium Nitrate Urea « Ethylene Oxide + Ethylene Glycol 
Diethylene Glycol Triethylene Glycol Methanol Formaldehyde 
Nitrogen Tetroxide U.F.Concentrate—85 + Nitrogen Solutions 
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SWITCH ADJUSTMENT 
SERIES. WOUND INTERMITTENT DUTY, 
1G AND THERMAL PRO- 


RADIO NOISE FUTER, ADUUST - 
$, POSITIVE STOP OVERLOAD CLUTCH. 


We feel that no product is so good that it can’t be EFF. % 
improved. As Exhibit “A,” we submit the R-550 7 
Linear Actuator. It is a refinement—by no means . 
a final version—of a happy marriage between an 25 
electric motor and a ball bearing jack screw. As " 
Exhibits “B,” “C,” and so on, we submit the prod- 

ucts listed at the bottom of this advertisement. Each “s 
step in the evolution of these designs was sparked 10 
by the special needs of an Airborne customer. The ‘ 
next version of any of these products may be your 

own. Bring your design problem to Airborne. 4 


HP. 


.28 


.24 
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COMPLETE INFORMATION 
on the Airborne line of electro-mechanical 
actuators is contained in our new aviation 


catalog. Send for your copy today. 
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THIS PILOTLESS JET BOMBER 


Already on NATO assignment with the 12th Air Force in Europe, 
the Allison J33 Turbo-Jet-powered Martin B-61 Matador is an 
outstanding example of precision engineering. 


Since its whole life involves only one ‘‘one-way trip’’— both 
engine and missile were skillfully designed to deliver short- 
haul reliability at rock-bottom expenditure of manpower, GENERAL 


materials and money. MOTORS 
As America’s first pilotiess jet bomber, the Matadorisaprime 
example of how Air Force and Industry work together to serve 

this nation’s security, economy and well-being. oe. 


Division of General Motors, Indianapolis, Indiana 


The Matador delivers more defense per dollar, uses fewer 
critical materials — uses electro-mechanical control in place 
of the pilot and crew. 


: World's most experienced designer and builder of aircraft 
turbine engines —J35 and J71 Axial, J33 Centrifugal 
= Turbo-Jet Engines, T38, T40 and 156 Turbo-Prop Engines 
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Solid Propellant 


Propulsion and Thiokol’s development of solid propellants is based on chemical research as 
Power Units for: the starting point. Intensive investigation of the chemistry in this field has been 
conducted by the Thiokol Chemical Corporation for many years. These 
ORD ROCKETS efforts have resulted in improved solid propellants with desirable handling 
GUIDED MISSILES and performance characteristics. 
BOOSTERS 


With “Thiokol” solid propellants, simplified power units for field use can be 


GAS GENERATORS produced economically. These offer the designer a wide degree of flexibility 
AIRCRAFT in missile design. The versatility of these units is such that they can be produced 
ASSIST TAKE-OFF to meet widely varied performance requirements. “Thiokol” solid propellants 
SHORT DURATION maintain a high standard of performance throughout a broad® 
POWER PLANTS temperature range. ’ 


Chemical research is only one of the many steps in Thiokol’s integrated 
We welcome employment inquiries development of solid propellant power units. Other Thiokol activities of equal 


from engineers interested in the importance include design, fabrication, developmental testing and manufacture. 
field of rocketry. 
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It is no secret that guided missiles have 

become a major program in the aviation 

industry. It is no secret, either, that 

= Western Gear’s extensive precision gear 

roy making facilities, coupled with its 66 

i years of engineering experience, have 

made it a leader in supplying mechani- 

cal power transmission components for 

guided missiles. Western Gear has un- 

excelled facilities for research, design 

and testing as well as the manufacture 
of precision fine pitch gearing. 

May we suggest that you avail your- 
self of further information on how West- 
ern Gear can assist you in any program 
your company may be undertaking in 
the guided missile field? For further in- 
formation, please direct your inquiry to 
Executive Offices, Western Gear Works, 
P.O. Box 182, Lynwood, California. 
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Transmitters and Monitors of proven accuracy and reliability 


SYNCHROTEL TRANSMITTERS 


for the remote electrical 
transmission of data such as 
true airspeed, indicated air- 
speed, absolute pressure, log 
absolute pressure, differential 
pressure, log differential pres- 
sure, altitude and Mach 
number. 


PRESSURE MONITORS 


to provide control signals 
which are functions of alti- 
tude, absolute pressure, dif- 
ferential pressure, etc. 


To CONTROL a guided missile effectively and 
absolutely is a challenging problem with which 
hundreds of engineers are grappling every day. 


The solution depends upon the efficiency and 
the reliability of the controlling parts. 


For over 25 years Kollsman has been making 
precision aircraft instruments and equipment 
used on military and commercial aircraft 
throughout the world. The talents and skills 
needed for success in this special and challeng- 
ing field are equally necessary in the design and 
manufacture of precision controls for missiles. 


Kollsman is presently making Transmitters 
and Monitors of proven accuracy and reliability 
for missile control. 7 


Brochures are available on the above two products. 


Please write us regarding your specific problems or requirements in the ficld 


of missile control. 


KOI com 


80-14 45th AVE., ELMHURST, NEW YORK e GLENDALE, CALIFORNIA e SUBSIDIARY OF Standard COIL PRODUCTS CO. INC. 
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Fairchild J44 Turbojets have completed 
hundreds of “operational flights in 


swept-w vy an Firebee target drones. 


IOWER...FOR TRANSONIC if 
GUNNERY TRAINING! 


Fairchild’s J44 Turbojet, designed for powering remotely — 
controlled drones and missiles, is in production for the U. S. 
Navy to provide much-needed gunnery training with transonic 


targets for the major military services. 


The J44 is a low-cost, easy to maintain engine capable of re- 
peated flights and long-service-life. Its rugged construction __ 
withstands repeated launchings from ground cradles, shipboard 
catapults or from mother planes in the air. 

Creative thinking and advanced design techniques incorpo- 


rated in the J44 and other turbojets, as well as new type pro- 


pulsion systems for underwater ordnance, keep the Fairchild 


Engine Division in the forefront of powerplant development. 


ficient production design of the J44 In actual service the J44 has demon- 


g 
it whojet requires only standard tool- strated performance far in excess of 
ft !-means economical production. original engineered service life. 
Is 
“a 
id 
S. 
rs 
ty 

irchild Engine specialists have years The simplicity of the J44 construc- 

txperience in powerplant design tion means easy field maintenance 

manufacturing. using only standard equipment. i 

Di 
Clore 
ISLAND, NEW 
*Including AL-FIN, the Fairchild patented process for the molecular bond- FARMINGDALE” muneontions 
ing of aluminum and magnesium to steel, cast iron, nickel or titanium. VALLEY Steam 
iC. 
sION Other Divisions: Aircraft Division, Hagerstown, Md. © American Helicopter Division, Manhattay Beach, Calif. ¢ Guided Missiles amine, 
Wyandanch, N. Y. © Kinetics Division, New York, N. Y. © Speed Control Division, St. Augustine, Fla. © Stratos Division, Bay Shore, N. 
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WASHINGTON 


Starting with the January 1955 issue, 


JET PROPULSION expands to a monthly journal 


the Journal of the American Rocket Society will 
appear on a monthly basis 
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a e Mechanics of Film Coo ing — al 7 
Ja 
Aerophysics Development Corporation, Pacific Palisades, Calif. 
Z§ Thin liquid wall films flowing under the influence of y = distance into gas stream from gas-stream bounding 
0 ligh-velocity turbulent gas streams were studied for the surface measured perpendicularly to bounding surface 
9 purpose of obtaining an understanding of the mechanics y* = po V r0/ po Y/ uo 
I of film cooling. Conditions which insure liquid-film f = liquid flow per unit time and per unit length of tube cir- 
uttachment to solid surfaces without loss of unevaporated cumference 
:fiquid to the gas stream when simple radial-hole injec- == —— laminar sublayer thickness 
3 ors are used were found; the maximum allowable coolant- = dy 
z w rate for a stable coolant film was determined (a stable P i) ee 
loolant film is obtained when no unevaporated coolant = x (1/ua) dy 
> jisentrained by the gas stream as the result of interfacial 
» (disturbances); and a method for calculating the evapora- 7 = film thickness a with respect to x and ¢ 
rate and the surface temperature for a stable inert ~ V MLS 
Gieslant film was found. 6 = oxidizer specific concentration (weight of oxidizer per unit 
? total weight) 
= dynamic viscosity - 
Nb = velocity of sound (ay 
hk, = specific heat at constant pressure - 7 = shearing stress 
| (a = modified cavitation parameter Subscripts 
= gas-stream friction coefficient 
= gas-stream, heat-transfer coefficient G = gas 
Ef’, = gas-stream, mass-transfer coefficient Lf = liquid in the film 
af = duct diameter Li = liquid in the injector orifice 
) = molecular mass diffusivity M === mixture of gas and vapor 
= evaporation coefficient 0 = bounding surface of gas stream (a liquid film surface or a 
= enthalpy duct wall) 
4 = coolant heat of vaporization s = saturation conditions corresponding to 7 
= thermal conductivity t = total 
/ = liquid-film or test-section length V = vapor 
= mass transfer per unit area and per unit time 6 = junction of turbulent core and laminar sublayer in gas 5 
= pressure stream 
= Prandtl number co = bulk property or average velocity 


= heat transfer per unit area and per unit time by conduction 
= distance from the center line of the pipe 
= gas constant 

= Reynolds number 

= Schmidt number 

= temperature 

= velocity in the x-direction 
= u/V ro/ po 

= velocity in the y-direction 
= liquid velocity averaged over cross-sectional area of 
injection orifices 

= oxidizer transfer per unit area and per unit time 


Received February 22, 1954. 

‘This paper is based on part of the thesis submitted by the 
Rthor i in partial fulfillment of the requirements for the  Gogree of 
“etor of Philosophy in Aeronautical Engineering, California 
stitute of Technology, and presents the results of one phase 
research carried out at the Jet Propulsion Laboratory, Cali- 
mia Institute of Technology, under Contract No. DA-04- 
45-Ord 18, sponsored by the Department of the Army, Ordnance 
orps. 

* Propulsion Engineer. 


H. A. WEBB, 34 MANN ST., FAIRBORN, OHIO: W. A. LAUKAITIS, 
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Introduction 


ILM cooling? is the protection of a given surface from in- 

jurious effects of a proximate heated fluid stream by the in- 
terposing of a thin continuous protective liquid film between the 
given surface and the fluid stream. Its use is justified when 
the proximate fluid stream is extremely hot and when a more 
satisfactory method for protecting the given surface from de- 
struction by heat is not available; or when the proximate 
fluid stream reacts chemically with the given surface, when 
such chemical reaction is undesirable, and when a more satis- 


3 Although the flow of the thin liquid wall films under the 
influence of high-velocity turbulent gas streams and/or the uni- 
directional turbulent diffusion of one gas through another gas 
occurs in numerous engineering applications (e.g., in evaporators, 
condensers, two-phase combustion processes, and film-cooling 
systems), attention will be concentrated, for the sake of con- 
venience, on that application which motiv: ated the present study— 
film-cooling systems. 
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factory method for separating the injurious fluid stream 
from the given surface is not available; or when the proxi- 
mate fluid stream carries with it materials which are de- 

_ posited easily on solid surfaces and when deposits of this 
nature are undesirable on the given surface. Structural 

members which are likely to be film-cooled include combustion 
chambers,‘ where the heated fluids are the products of com- 
bustion, and external surfaces of high-velocity missiles, where 
the heated fluids are aerodynamically heated atmospheric 
gases. Inability to cool these structural members adequately 
could limit seriously the performance of the corresponding 
machines. 

The benefits of film cooling are realized most fully when the 
liquid film is attached to the surface without loss of un- 
evaporated liquid to the proximate fluid stream, when the 
attached liquid film is stable (i.e., no unevaporated liquid is 
lost to the proximate fluid stream as the result of disturbances 
on the film surface), and when the evaporation rate is low.® 
It is important, therefore, to know how these three conditions 
may be obtained. Little basic information was available in 
1950, however, regarding the prerequisites for these condi- 
ditions. Consequently, a study was initiated during that year 
for the purpose of obtaining a basic understanding of thin 
liquid wall films flowing under the influence of high-velocity 
turbulent gas streams by investigating the attachment of 
liquid films to solid surfaces in the presence of high-velocity 
gas streams, the conditions which are sufficient for stability of 
liquid wall films flowing under the influence of high-velocity 
turbulent gas streams, and the rate of evaporation from a 
stable liquid wall film into a heated turbulent gas stream. 
The results of that study (2)* are summarized in this paper. 


2 Experimental Equipment ve 


The flow diagram for the equipment used in the film- 
attachment studies (4) is presented in Fig. 1. The equipment 
consisted essentially of an air-supply system, a liquid-supply 
system, a Lucite test section, and appropriate controlling and 
measuring devices. 

The air was obtained from the standard air-supply system 
in general use at the Jet Propulsion Laboratory; its flow rate 
was measured with the aid of a sharp-edge orifice which had 
been designed according to ISA specifications, a 30-in. mer- 
cury manometer, a Bourdon-type pressure gage, and an iron- 


4 Historial Note: It is believed that credit for the first applica- 
tion of film cooling is due Robert H. Goddard, pioneer of rocketry 
in America, who is known to have film-cooled the combustion- 
chamber walls of experimental rocket motors in the year 1929 
(Ref. 1, p. 3). 

° Tf the given surface is the inner wall of a rocket motor, it is 
desirable also that the liquid be reactive with the combustion 
products, thereby acting, at least to some extent, as an injected 
propellant as weil as a film coolant; that the liquid be one of the 
propellants, so that no special supply system is required for the 
coolant; and that an inexpensive, noncritical, light-weight ma- 
terial (perhaps aluminum; see Ref. 3) be used in the construction 
of the combustion-chamber wall. 

6 Numbers in parentheses refer to References on page 365. 
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constantan thermocouple. After being passed through the§ 27 | 
measuring orifice, the air was conducted through the Lucite pro 
test section (located 46 diameters downstream from the tem] 
measuring orifice) and exhausted to the atmosphere through aff aid | 
manually operated gate valve (located 16 diameters dowp.§ tude 
stream from the test section). The magnitude of the static upst 
air pressure in the test section, which was controlled hy thef type 
gate valve, was measured with a Bourdon-type pressur« gage § Was 
and the air temperature in the test section was measure! with W 
the aid of an iron-constantan thermocouple. ply 

The liquid used in the tests was stored in a metal tan pres. tions 
surized by nitrogen gas from a commercial compressed -nitro.§ store 
gen bottle. From the storage tank the liquid was con |ucted§ liqui 
through a rotameter, a manually operated needle v.ilve, 4 
sereen filter, and finally into the test section through one oj 
the four available injector openings. The liquid temp«rature 
was measured at a point several inches upstream from th 
injector with the aid of an iron-constantan thermo: oupk 
electric potentials from the thermocouples were measure wit! 
the aid of a hand-balanced potentiometer. 

The Lucite test section was fabricated from commercially} 7 
available stock having a 3-in. inside diameter and a !/;-i1. wal! 
thickness. Lucite was selected because of its transp renc) 
and good machining properties. Four radial holes, 1 inging 
from 1/15 to 5/39 in. in diameter, were drilled at 90-deg in: ervals 
around the periphery of the test section. During an) given 
test, liquid was injected through only one of these hol:s; the 
other holes were utilized as static-pressure taps and t! ermo- 
couple sites. 

A total-pressure probe attached to a manually opcrated 
micrometer screw was used for the purpose of investivating 
the velocity profile of the air flowing in the test section. Tests 
were conducted only after the velocity profile was found to bg 

= symmetric with respect to the center line of the duct. 
B Equipment for Film-Stability and Evaporation -Ratg 

Studies 

The flow diagram for the equipment used in the film-stag 49 ; 
bility and evaporation-rate studies is presented in Fig. 4. , 
The equipment consisted essentially of a gas-supply system, 4) ), t] 
liquid-supply system, several interchangeable test sections eo 
and appropriate controlling and measuring devices. ‘ filt 
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Fig. 2 Flow diagram for equipment used in research on stabili 
of and evaporation from liquid wall films 


The gas was in general produced by burning fuel (Unio 
Oil Company’s No. 1 thinner) and air in a modified turboje 
combustion can. The fuel flowed into the burner from a nitro 
gen-pressurized storage tank; its flow rate was measured wit! 
the aid of Bourdon-type pressure gages and a calibrated in 
jection nozzle. The air was obtained from the standard ait 
supply system in general use at the Jet Propulsion Labora 
tory; its flow rate was measured with the aid of a sharp-ed 
orifice which had been designed according to ISA specifica 
tions, a 50-in. mercury manometer, a Bourdon-type pressul 
gage, and a chromel-alumel thermocouple. The products 0 
combustion were mixed and then calmed in an insulatin 
settling chamber having a cross-sectional area eighteen timed 
that of the approach duct. After passing through thé 
settling chamber, ‘he combustion products flowed first throug! 
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{ 
rh the§ 27 diameters of insulated, straight, constant-diameter ap- Propulsion Laboratory by means of a 25-point, 10-level, tele- 
Lucite proach duct and then into the test section. The total gas phone-type automatic electric stepping switch capable of 
1 the temperature in the settling chamber was measured with the _- scanning the 112 thermocouples in less than 2 min. 
aff aid of a shielded chromel-alumel thermocouple; the magni- 
down.§ tude of the static pressure in the approach section immediately 
statieg upstream from the injector was measured with a Bourdon- 3 Liquid-Film Attachment With Radial 
\y the type pressure gage; and the pressure drop in the test section Injector Holes and a High-Velocity Gas Stream 
gage § vas measured with the aid of a 50-in. water manometer. 
| with Water (procured directly from the Laboratory water sup- A Previous Studies 
ply pipe at approximately 100 psig) and aqueous sucrose solu- Previous systematic studies of the liquid-film-attachment 
_pres-f tions (produced by mixing tap water and reagent sucrose and problem were limited to the experimental determination of 
nitro-§ stored in a nitrogen-pressurized supply tank) constituted the the critical velocity of injection when a slot around the duct 
‘ucte/f liquids in the film-stability tests; water was the only liquid circumference is used (5, 6, 7), where the critical velocity of 
lve, a injection was defined as the maximum mean velocity of the 
ne oj : liquid in the injection slot obtainable with no visible separa- 
rature tion of the liquid film from the inner surface of the test sec- 
n the tion. The authors of these papers asserted that the use of in- 
uple; jection slots would provide more uniform liquid films and more 
1 with easily controlled liquid-flow rates than could be obtained with 
other film-attachment methods. Remarks on these assertions _ 
cially will be made in the following sections 3-C and 4-B. : 
Wall 
rene) B_ Experimental Results 
nging Fig. 3 Views of An experimental study was conducted in order to determine 
'rvals the coolant injector the critical velocity of injection for attachment of a liquid film 
given see a _ to the inside of a circular duct when radial injector holes and 
s; the —— _ effects of a high-velocity gas stream are used (4). The criti- 
a cal velocity of injection was defined as the maximum mean 
velocity of the liquid in the injector orifices obtained with no 
rated visible separation of the coolant film from the inner surface 
ating of the test section. 
Pests Liquid viscosities from 1.59 X 10~* to 10.69 X 10~ lb sec/ 
to be ft?, liquid densities from 1.94 to 3.02 slugs/ft*, and liquid 
vapor pressures from 0.15 to 3.85 psia were secured by using 
Ratd water, aqueous zine chloride solutions, aqueous sucrose solu- 
tions, and carbon tetrachloride. Test-section air densities 
wa from 2.26 to 9.58 X 10~* slug/ft* were provided by a gate 
Sta ised in the evaporation-rate tests. After leaving the Labora- valve at the discharge end of the air duct; a other appreciable 
g. 2 tory water-supply line (or the supply tank, as the case may ey ae — realized. Injector-orifice di- 
™) 4 be), the liquid flowed (in the sequence named) through one of ameters varying from 1/16 to */s2 ee achiev ed by using 
‘ONS two manually operated needle valves, one of two rotameters, different injectors; no gas-duct-diameter variations were 
i filter, the coolant-injector plenum chamber (Fig. 3), realized. 
twenty-four (twelve, for one group of tests) 0.011-in.-square For each the air-supply operated 
yassages (characterized by relatively high flow resistances at the desired output until ' stable air-flow rate was ob- 
ind serving to nullify gravity effects in the plenum chamber), tained. W hen this condition was realized, the liquid-flow 
ind corresponding equally spaced, 1/j-in.-diameter, radial- or pdlayona increased slowly rome the no-flow value to a value 
njection holes. The liquid was attached to the inner wall of when the critical velocity = pens wae reached. At that 
lhe test section by the action of the high-velocity gas stream. ny 
assumed to be equal to the wet-bulb temperature in the case data taken at the critical injection velocity are given in Table 
iia water film and the temperature (measured) of the ex- I of Ref. 4. : : ~ 
iausted liquid in the case of a film of aqueous sucrose solu- Incidental to the obtainment - attachment data, the att 
tion; for tests employing heated gases, the film temperature cumferential spread of the liquid film corresponding to liquid 
ras calculated using Equation [39] of this paper. flows at 21 different critical injection velocities was measured 
vility For use in tests eanploying heated gases, a test section was at a point located arbitrarily 1.25 in. downstream from the 
lubricated from a 5-ft length of 347 stainless-steel tubing injection point. The spread appeared to be chiefly - function 
niong &8Ving a 0.063-in. wall and a 3-in. outside diameter. The the the fluid 
ojetg Uside diameter of the tube was honed to 2.90 in. (leaving a 
trogg "all thickness of 0.050 in.), and 120 thermocouples were spot- spread range 
"elded to the outside of the tube, one every inch (measured and velocities Typical values of the spread 
ing Wally) at the 12 o’clock position and one every 3 in. at the 3, 0.75 = for 15 x 10 slug sec and 1.50 ar red 6.0 x 10 
slug/see of liquid flow. Since the spread would vanish as the 


i,and 9 o’clock positions. For use in tests employing gases at owe . 
orag ubient temperature, several lengths of Lucite tubing having td approached the data would sone = he 
.dgq3-in. inside diameter and a 0.25-in. wall were procured. dicate that the circumferential spread is proportional to the 
The electric potentials from the thermocouples which were 
syrq sed in order to facilitate the measurement of the gas tem- C Mune dtm 
perature and eight of the test-section-wall temperatures were 
g corded on a 12-point, 50-mv-range Brown recorder located Since no theoretical analysis of the film-attachment prob- 
in the control room. The remaining 112 thermocouples were lem has been made, the data were plotted in dimensionless 


square root of the liquid-flow rate. 


mej 

tha °onnected in turn to a continuously recording, single-channel form (Fig. 4); the abscissa is a function of gas-stream Reyn- 
ugif Potentiometer located at the central recording room of the Jet olds number Reg, liquid-stream Reynolds number Rez;, and 
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a modified cavitation parameter Ca,;, and the ordinate is the 


ratio of the gas- and liquid-stream momenta p .U.?/priV*. 


Here Re is Reynolds number based on diameter, Ca is a modi- 
fied cavitation parameter defined by Ca = p1iV?/(p — py), p 
is pressure, V is liquid velocity averaged over the cross-sec- 
tional area of the injection orifices, and the subscripts G, Li, 
and V refer to gas, liquid in the injector orifice, and vapor, re- 
spectively. The exponents of the dimensionless parameters 
were determined from crossplots on log-log paper of liquid- and 
gas-stream parameters for a constant value of the momentum 
ratio. (The line drawn in Fig. 4 has a scope of 0.8.) The di- 
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Fig. 4 Dimensionless plot of film-attachment data 
taken at critical velocity of injection 


mensionless parameters used are speculative to the extent 
that the gas viscosity and test-section diameter were held con- 
stant and the vapor pressure of the liquid was varied over 
only a small range during the tests; e.g., with available data it 
was not possible to discern whether the significant gas-stream 
Reynolds number is that (based on gas velocity u.) which 
describes the gas stream in general or that (based on friction 
velocity V/ 7o/po) Which describes only the gas flow near the 
duct wall. 

It is concluded that effective film attachment may be ob- 
tained with simple radial-hole injectors in the presence of a 
high-velocity gas stream over a useful range of operating con- 
ditions so that the study of more complex means of injection 
(such as porous walls and circumferential slots) and of insuring 
film attachment probably is not required. It is concluded 
furthermore that the critical velocity of injection is a definite 
function of certain parameters of the system; thus it is possi- 
ble to predict beforehand whether a given film-coolant stream 
will attach to the wall or will continue on into the gas stream. 

Fig. 4 should be a useful guide in the design of film-cooling 
systems for turbulent flat-plate flows as well as for turbulent 
duct flows. Until further information is obtained, it is sug- 
gested that twice the local boundary-layer thickness be taken 
to be the characteristic gas-stream dimension in the case of 
flat-plate flows; this dimension corresponds to the duct 
diameter which was used in the case of pipe flows. Obviously, 
caution should be exercised when extending the presented re- 
sults to parameter values outside the investigated range. 

Since the calculation of streamlines for viscous fluid flows 
around sharp corners is an extremely difficult task, it seems 
unlikely that an analytical study of the film-attachment prob- 
lem would be a rewarding undertaking at the present time. 
Experimental methods, on the other hand, have already been 
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used successfully for the determination of the relative impor- 
tance of several parameters involved in the film-attachment 
process. Therefore, if it should be deemed necessary to obtain 
further information concerning liquid-film attachment, it is 
suggested that (at the present time) experimental studies might 
be most profitable. 

As mentioned in section 1, it is possible that film cooling will 
be used for (among other things) the protection of the ex- 
ternal surfaces of guided missiles and the internal surfaces of 
rocket-motor nozzles. If simple film-coolant injector |ioles 
are to be located on these surfaces, it would be necessary to 
study the film-attachment phenomena at supersonic gas 
velocities and for various surface geometries. 


4 Stability of Liquid Films Flowing 
Under the Influence of Turbulent Gas Strei«ms 


A Previous Studies 


The stability of thin liquid wall films flowing under t!:» in- 
fluence of high-velocity turbulent gas streams has bee: in- 
vestigated experimentally by Kinney and Abramson ©. the 
National Advisory Committee for Aeronautics (8) and to a 
limited extent by Greenberg of Purdue University (7). 

Kinney and Abramson observed visually annular | juid 
flow with concurrent turbulent air flow in horizontal trans- 
parent tubes. The surface of the liquid film was observid to 
be relatively smooth at low liquid-flow rates and disturbed 
markedly at higher liquid-flow rates. The authors reported 
that the liquid flow per circumferential length at which 
marked liquid-flow disturbances initially occurred incre:sed 
with increased liquid viscosity, increased slightly with de- 
creased liquid surface tension, and did not vary appreciably 
with changes of air-mass velocity. 

Kinney and Abramson presented a portion of their dats in 
the form shown in Fig. 5, where the heat-transfer results 
from a report by Kinney and Sloop (9) are included as well as 
the research results reported in Ref. 8. The curve is the di- 
mensionless velocity correlation for adiabatic single-phase pipe 
flows which was given by Deissler (10); the abscissa is the 
dimensionless distance y*, defined by y* = po T0/ pol 
and the ordinate is the dimensionless velocity u*, defined by 
a = u/V t0/ po, where 7 is shearing stress, p is density, 1 is 
distance into the fluid stream measured perpendicularly to the 
duct wall, » is dynamic viscosity, u is axial velocity, and the 
subscript 0 refers to the duct wall. The break in the curve of 
Fig. 5 indicates approximately the transition from the 
laminar region to the turbulent region. The points which 
have been singled out on the curve correspond to the values of 
the dimensionless film thicknesses at which the liquid-film 
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Fig. 5 Association of visual-flow regions and heat transfer re- 
sults with generalized velocity distribution for fully developed 
flow in smooth tubes applied to liquid films (from Fig. 6 of Ref. 8) 
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surface initially became rough;: they were singled out in order 
to indicate the magnitude of the critical dimensionless film 
thickness relative to the dimensionless laminar sublayer thick- 
ness for single-phase pipe flows. Kinney and Abramson sub- 
gribed to the hypothesis, suggested earlier by Colburn and 
(Carpenter (11), that an annular liquid film flowing under the 
influence of a high-velocity turbulent gas stream behaves as 
the wall layer with the same thickness and shearing stress in 
ingle-phase liquid flow, and that it is essentially laminar when 
its thickness is less than the thickness of the laminar sublayer 
in the corresponding single-phase flow. Remarks on this 
hypothesis are included in section 4-C. 

Of the quantitative results for flows in transparent tubes 
whicl were presented by Kinney and Abramson, it appears 
that those depending upon values of fluid properties which 
vary appreciably with temperature changes (especially those 
depending upon values of liquid viscosities) contain slight 
errors. The authors calculated fluid properties, assuming the 
lm temperature to be the same as that of the entering fluids 
ie., SO F); actually, the film temperature was more nearly 
the wet-bulb temperature corresponding to the relative hu- 
midity of the gas stream [see, e.g., Equation [39] of this 
paper |. Since the gas was virtually dry air (according to a 
personal communication from Kinney), this wet-bulb tem- 
perature was approximately 50 F, a temperature considerably 
lower than the 80 F of the entering fluids. 

Greenberg, in his M.S. thesis, included nine photographs of 
annular liquid flow with concurrent air flow in a horizontal 
lucite tube. In the first of these photographs (Fig. 23 of 
Ref. 7) the surface of the liquid film appeared to be relatively 
smooth. The other eight photographs, taken at higher liquid- 
fow rates, indicated varying degrees of liquid-film surface 
disturbance. No correlation of the inception points of the 
marked disturbances was attempted by Greenberg in the 
thesis. 7 ee 


B Experimental Results 


During the present investigation, the dividing line between 
the areas of stable and unstable flow of annular liquid wall 
films in the presence of high velocity turbulent gas flow in a 
duet was detected indirectly, by inspection of mass-transfer 
data when heated gases were employed, and directly, by ex- 
mination of the liquid film itself, when gases at room tem- 
perature were employed. 

Data concerning the rate of mass transfer into a turbulent 
heated gas stream from a liquid wall film (averaged over the 
ength of the film) were obtained for specified operating con- 
litions by operating the test apparatus at the desired gas-flow 
rte, gas temperature, and liquid-flow rate until steady-state 
wnditions were attained and then by recording (together with 
ther pertinent data) the electric potentials created within 
thermocouples which were spot-welded to the exterior of the 
netal test duct. The axial position along the duct at which 
the wall temperature varied rapidly from a value below that 
ifthe boiling temperature of the liquid to a value approaching 
that of the hot gas stream was assumed to coincide with the 
ixial position along the duct, corresponding to the end of the 
protective liquid film. Tests were conducted for gas-stream- 
liameter Reynolds numbers from 105,000 to 433,000, gas- 
tream temperature from 1103 to 2239 R, water-flow rates 
om 0.012 to 0.20 Ib/sec/ft of tube circumference, and am- 
tient pressures. 

Results of the mass-transfer tests’ were prepared for study 
y plotting water-flow rate vs. protected-surface area, 
est-section pressure drop vs. protected-surface area, and test- 
ection pressure drop vs. liquid-flow rate. Curves with 
ibruptly changing slopes were drawn through each set of 
points corresponding to a given set of gas-stream conditions. 

’ Data obtained during the film-stability and evaporation-rate 
studies described in this paper are presented in tabular form in 
Tables I through V of Ref. 2. 
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For the direct study of the character of liquid wall films, a 
Lucite test section was installed in the test apparatus; study 
media included high-speed motion pictures, spark photo- 
graphs, and visual observations aided by stroboscopic light- 
ing. 

High-speed motion pictures were taken for gas-stream- 
diameter Reynolds numbers from 239,000 to 664,000, water- 
flow rates from 0.031 to 0.12 lb/sec/ft of tube circumference, 
ambient pressures, and ambient temperatures. The pictures 
make manifest the following facts for the range of variables in- 
vestigated: 1 Small disturbances with wave lengths of the 
order of 10 film thicknesses are present on the surface of the 
liquid film for all liquid-flow rates. 2 The scale of the small 
disturbances decreases as the diameter Reynolds number of 
the gas stream increases; the scale does not vary appreciably, 
however, when the liquid-flow rate is changed. 3 For liquid- 
flow rates larger than some critical value, long wave-length 
disturbances appear on the surface of the film. 4 The in- 
ception point of the long wave-length disturbances is inde- 
pendent of the gas-stream Reynolds number. 5 Liquid 
droplets are entrained by the gas stream from the crests (re- 
gions where relatively large quantities of liquid are collected) 
of the long wave-length disturbances. 

Spark photographs were taken for gas-stream-diameter 
Reynolds numbers frony 310,000 to 560,000, water-flow rates 
from 0.021 to 0.097 Ib/Sec/ft of tube cireumference, ambient 
pressures, and ambienf temperatures. Inspection of the 
original negatives confifmed items 1 through 4 of the preced- 
ing paragraph and presented additional detailed qualitative 
information concerning the structure of the disturbances. 
(These spark photographs, incidentally, do not reveal any 
film nonuniformities which may be attributed to the fact that 
the film was injected through discrete holes. This state of 
affairs is good; circumferential film nonuniformities are unde- 
sirable in most film-cooling applications.) 

Visual observations aided by stroboscopic lighting were 
made for gas-stream-diameter Reynolds numbers from 307,000 
to 595,000, test-section pressures from 14.1 to 28.9 psia, 
viscosity ratios (us,/uz,) from 0.0052 to 0.0140 (obtained by 
using water and aqueous sucrose solutions), and ambient tem- 
peratures. For given gas-stream conditions and given fluid 
properties, the liquid-flow rate corresponding to the observed 
inception point of unstable liquid-film flow was determined in 
nine separate trials. The median of the flow rates correspond- 
ing to the nine trials was accepted for comparison with data 
obtained by other study mediums. 


C Discussion of Data 


Flows with Heated Gases: The abrupt changes in the slopes 
of the curves of protected-surface area vs. water-flow rate (one 
abrupt change for each curve) are interpreted to mean that 
two different types of flow are encountered in film-cooling 
applications. One type, found at relatively low liquid-flow 
rates, leads apparently to low mass-transfer rates, whereas 
the other type, found at relatively high liquid-flow rates, leads 
apparently to high mass-transfer rates. Obviously, the latter 
type of flow is to be avoided if efficient coolant usage is de- 
sired. 

The fact that the curves of test-section pressure drop vs. 
liquid-flow rate (or vs. protected-surface area) possess abrupt 
changes in slope which are related to film-attachment ef- 
ficiency and film stability can be accounted for if one examines 
the equations of steady one-dimensional gas flow as de- 
veloped by Shapiro and Hawthorne (12). For further dis- 
cussion of this topic, see Appendix A of Ref. 2. 

Inspection of available data (including those presented by 
Kinney in Fig. 4 of Ref. 13) for the flow of heated air over a 
thin water film reveals that data corresponding to the incep- 
tion point of unstable liquid-film flows (flows which are ac- 
companied by high mass-transfer rates) may be presented in 
dimensionless form (6) by plotting the dimensionless film 
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thickness corresponding to the inception point of unstable 
liquid-film flows as a function of the ratio of the gas-vapor- 
mixture viscosity to the liquid viscosity; the dimensionless 
film thickness is defined by n* = t0/px; (n/uxs) and 
(assuming a linear velocity profile to exist in the liquid film) is 
calculated from 7* = V/ 20 /urs, where is liquid flow per 
unit time and per unit length of tube circumference, 7 is 
average film thickness, the subscript Zf refers to the liquid in 
the film, and the viscosities are evaluated at the liquid-film 
surface temperature. The film temperatures were calculated 
using Equation [39], and the mixture viscosities were cal- 
culated using the procedure suggested by Bromley and Wilke 
(14). 

Since the liquid viscosity appears in both the abscissa and 
the ordinate of Fig. 6 and the gas-vapor-mixture viscosity did 
not vary appreciably for the tests, it is interesting to replot 
the data after dividing the ordinate by the viscosity ratio (Fig. 
7). Further comments on Figs. 6 and 7 are withheld until 
later in the discussion. 

Flows with Unheated Gases: Data for gas flows at ambient 
temperatures have been added to Figs. 6 and 7; the film tem- 
perature was assumed to be equal to the wet-bulb temperature 
in the case of a water film and to the temperature (measured) 
of the exhausted liquid in the case of a film of aqueous sucrose 
solution. 

The data presented in Figs. 6 and 7 are for gas-stream- 
diameter Reynolds numbers from 105,000 to 2,900,000; 
duct diameters from 2 to 4 in.; test-section pressures from 14.1 
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Fig.6 Dimensionless film thickness vs. ratio of viscosity of gas 
vapor mixture to that of liquid at inception point of long wave- 
length disturbances 
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Fig. 7 Dimensionless film thickness y* divided by uu,/uxy 


(= pL pus n/pM,) VS. at inception point of wave- 
length disturbances 
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= rates (due, at least in part, to the loss of liquid drop- 


to 28.9 


temperature ratios T/T» from 1.0 to 3.5; and 
mass-flow ratios 7io/p.u. from zero to 0.0015 (where T js 
temperature, and m is mass transfer per unit area and per 


psia ; 


unit time). Since the viscosity ratio u,/uxy (where subscript 
M refers to the mixture of gases) did not vary monotonically 
with any of these parameters, the curves presented m:iy be 
taken to be general curves which are valid for liquid-gas com- 
binations other than those investigated (provided, of course 
that the several parameter values do not vary too greatly from 
the ranges investigated). 

The hypothesis that an annular liquid film flowing «inder 
the influence of a high-velocity gas stream behaves as a part 
of a single-phase boundary layer is now seen to be inco:rect. 
Whereas the laminar sublayer thickness in a single-; hase 
boundary layer is defined completely by the dimensicnless 
thickness y*, Fig. 6 indicates that the maximum al owa- 
ble thickness of a stable liquid wall film flowing under t! e in- 
fluence of a high-velocity gas stream depends upon bot: the 
dimensionless thickness n* and the viscosity ratio uy ‘uz). 
The basis for this observed dissimilarity has not been e-tab- 
lished; it is suspected, however, that the velocity profile as 
influenced by the viscosity discontinuity at the liqui:|-gas 
interface has an appreciable effect on the stability © the 
liquid wall film (see Fig. 8 for a sketch of a velocity profile 
typical of that encountered in the case of a stable liquid wall 
film flowing under the influence of a turbulent gas streat.:). 

Although dimensionless parameters (e.g., the ratio 7/6) 
other than those used in Figs. 6 and 7 have been examined, 
only those used in Figs. 6 and 7 were found to be satisfactory 
for data presentation. 

Summarizing, examinations of data concerning mass t/ans- 

fer from liquid wall films, inspections of high-speed motion 
pictures and spark photographs of liquid wall films, and visual 
_ observations of liquid wall films led to the conclusion that the 
presence of unstable long wave-length disturbances on a 
liquid-film surface was accompanied by relatively high miass- 


lets from the unstable film surface to the gas stream); hence, 
the unstable long wave-length disturbances are to be avoided 
when designing for an efficient film-cooling system. All availa- 
ble data corresponding to the inception point of instability 
for liquid wall films flowing under the influence of high-velocity 
_ gas streams are presented in dimensionless form by plotting 
the dimensionless film thickness corresponding to the incep- 
tion point of stability as a function of the ratio of the gas- 
vapor-mixture viscosity to the liquid viscosity, where the 
viscosities were evaluated at the liquid-film surface tem- 
perature. 
_ The dimensionless parameters which were used in the 
presentation of the data obtained at the inception point of 
film instability (Figs. 6 and 7) are speculative inasmuch as 
the liquid density pz; and gas viscosity uy, were not varied 
appreciably during the tests. Experiments with various liquid 
densities and various gas viscosities are required for the com- 
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Fig.8 Velocity diagram for typical stable liquid wall film flowing 
under influence of turbulent gas stream (liquid-film surface 


Z velocity Uo A 3 ft/sec, characteristic length of small disturbances 
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plete confirmation of the dimensionless parameters used in 
Figs. 6 and 7. 

Since the small disturbances which have been observed on 
the surface of a liquid film flowing under the influence of a 
turbulent gas stream appear to be related to the gas-stream 
turbulence, a complete analytical investigation of their origin 
would be difficult. However, much useful information could 
perhaps be obtained from an analysis of the stability of 
Couette flow with two layers of fluid of different densities and 
viscosities. Such a flow might be stable to small oscillations 
for all Reynolds numbers, but it is possible that the wave 
lengths and velocities of the least-damped oscillations are re- 
lated closely to the small disturbances observed on the surface 
of a liquid film. The fact that the wave length of the small 
surface disturbances has been observed to be approximately 
\0 film thicknesses makes the suggested analysis appear 
promising; a typical result of stability analyses is that the 
least-damped oscillations have a wave length of the order of 
ten times the characteristic length of the flow field. 
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(End of Part 1.) Part 2 will appear in the next 
issue of JET PROPULSION. 


A New Supply System for Satellite Orbits—Part 2 
(Continued from page 373) 


The author wishes to make the following revisions to Part 1 
in the September-October issue of Jer PROPULSION: 

Page 306: In Equation 10 the first two terms on the right- 
hand side should be under a common square root sign. 

Page 308: In Table 1, all weights designated by W, should 
be Wa, since W, is included in W,,. 

Page 309: In first column, line 39 should read: “The opti- 
mum distance from Mars is 3525 n. mi., rather than 540 n. 
mi., i.e., at an altitude of 1695 n. mi.” Insecond column, the 
last sentence should read: ‘‘Payloads of 200, 1200, and 11,000 
lb, respectively, for these three vehicles were found to be a 
reasonable tentative base for the establishment of a small, 
inhabited satellite of 20,000 cu ft volume, .. .’” 
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The internal heat-transfer equations (1) for a porous 
medium under transpiration cooling are simplified by 
approximations valid for porous metals. The tempera- 
ture distribution problem for porous metal walls is re- 
formulated on the basis of over-all energy balance require- 
ments (2). The simplified formulation is applied to plane 
parallel and cylindrical walls subject to boundary condi- 
tions corresponding to convective heat transfer and speci- 
fied temperatures at the wall boundaries. 


Nomenclature 


Cp = specific heat at constant pressure 
d = pore diameter pe 
h = coefficient of heat transfer ~ 
= wall thickness 
m = rgGeglp/K tle | 
n = number of pores per unit area a ; 
r = radius 
xX = position co-ordinate in wall — 
C = constant of integration - 
G = mass flux Aa 
K = thermal conductivity of porous material 
N = h/Gep 
7 = temperature 
7 = ratio of temperature differences 
= Ge,/K 
Subscripts 
c¢ = coolant or coolant side 
g = gasorgasside. 
= internal 
w = wall 


1 Introduction 


HE differential equations governing internal heat transfer 
and temperature distributions within a porous medium 
under transpiration cooling have been formulated in (1) and 
(3). In the former reference, Weinbaum and Wheeler have 
obtained analytic results relating the wall matrix and coolant 
temperature distributions, 7',,(x) and 7T..(x), to specified tem- 
perature values at the wall boundaries. In engineering ap- 
plications, the use of such analytic results has been limited 
because of their mathematical complexity.{ For porous metal 
walls the mathematical complications may be avoided by a 
reformulation of the internal heat flow equations on the basis 
of the approximate equality of the matrix and coolant tem- 
peratures within the wall, 7..(z) ~ T.(x), which is a conse- 
quence of the large area available for heat transfer between 
the coolant and the matrix (2). This approximate equality 
fails to hold only in the immediate neighborhood of the coolant 
side boundary extending about one pore diameter into the in- 
terior (1). 
The simplified formulation of the transpiration cooling 
problem based on 7',,(x) ~ T(x) is applied in this pape to the 
derivation of temperature distributions associated with given 
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Transpiration Cooling in Porous Metal Walls 


E. MAYER? and J. G. BARTAS:? 


Arde Associates, Newark, N. J. 


boundary conditions corresponding to convective_heat trans- 
fer and fixed temperatures at the wall boundaries, Formulas 
are obtained for both plane parallel and cylindrical wall con- 
figurations. 


2 Simplified Analysis 
A The Differential Equations of Internal Heat Transfer 


In their analysis, Weinbaum and Wheeler (1) consider a 
model of the porous wall formed by identical cylindrical pores 
of diameter d running parallel through a wall of thickness |, 
Internal heat flow along the wall matrix occurs with an 
effective thermal conductivity K, and heat transfer from the 
matrix to the coolant is described by a convection law with 
uniform internal convection coefficient h; acting on the tem- 
perature difference 7',(x) — T.(x). Thus 

thi[T. — T 
mndh:|T, — 

where n is the number of cylindrical pores per unit area of the 
wall. The coolant flowing in the negative x-direction (see 
Fig. 1) absorbs the heat transferred from the matrix, and its 


temperature, therefore, satisfies the relation 


di 


where G, is the coolant mass flux and c, is the coolant specific 
heat at constant pressure. 

Analogous relations for transpiration cooling in walls of 
cylindrical configuration with radial coolant flow are 


i 
dr 
dT’. d dT, 
dr dr dr 


vu, 
In the approximation that the coolant and matrix tem- 
peratures are approximately equal within the porous metal 
wall, we may set 


and obtain for the plane wall 1! ‘ 
dT 
dx dx? 
while for the cylindrical wall 
B Boundary Conditions 


In (1) the solution of the system of differential Equations 
[1], [2] or [1’], [2’] is obtained by the elimination of either 
T.. or T, leading to a single third-order differential equation 
for the remaining dependent variable which is then com- 
pletely determined by three boundary conditions, such as the 


specification of matrix boundary temperatures and 
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the coolant entrance temperature 7... For the simplified 
mulation given by Equation [4] or [4’], the second-order 
quation requires the statement of only two boundary con- 
litions. Thus, with constant temperature conditions at the 
youndaries, and 7’,,., the matrix temperature, 7’, = T'., is 
ompletely determined from [4] or [4’]. Furthermore, 7, is 
aso given by the same form except for the immediate neigh- 
porhood of the coolant boundary where 7’. changes from the 
value 7’ to the value 7’. in a short distance of about one pore 
jiameter. This rapid change in 7’., which is of little engineer- 
ng interest, complicates the analytic expressions obtainable 
rom Iquations [1], [2] or [1’], [2’]. 


a 


XL 


Fig. 1 Temperature distribution in cooled porous wall 

A class of boundary conditions of considerable interest in 
engineering applications consists in the description of con- 
vective heat transfer at the porous wall boundaries. With 
ference to the plane wall sketched in Fig. 1, such boundary 
onditions may be specified by 


IT’, 
AIT, — Te] —K- =0..... 
dx 
iT, 
dx 


there h, is the effective heat transfer coefficient at the ‘‘gas- 
ide” boundary, and h, is the coefficient at the coolant 
ioundary. The third boundary condition needed to deter- 
ine 7, and T. from Equations [1], [2] is 


= 


In the simplified formulation of Equations [3] and [4], 
nly two boundary conditions are needed. The first of these 


atz 


sa statement of the heat flux continuity at the gas-side 
oundary 


dT 
hy | 


lhe second condition is the over-all heat balance equation 


— — AelT — Telex = — 


tating that the excess of the heat flux entering on the “gas- 
ide” over that leaving the wall at the coolant boundary ap- 
years as the rate of increase in the coolant enthalpy in transit 
through the wall. 
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For the cylindrical wall bounded by the radii 7,, 7-, analo- 
gous convective boundary conditions to be used with Equa- 
tion [4’| are 
aT 
T| = -r,kK [8’] 

dr 
— Tee] = rgGegep[T (19) — Teel 
[9’] 


where the coolant mass flux G,, is referred to the inner radius 
r=r,. It is to be noted that the mass flux G. is dependent 
here on the radius r within the wall, in accordance with the 
mass flow continuity law 


ryho| 


rh — — rhelT (re) 


Applications 
A The Plane Parallel Wall 


The general solution for the temperature within the plane 
parallel wall is obtained from Equation [4] as 


where C, and C, are integration constants and 
Ge, 
kK [12] 


a Constant-Temperature Boundary Conditions 


When the integration constants C; and Cz are determined 
from the constant-temperature boundary conditions 


Peg = T(0) C Cs 
Toe = T(l) = C, + 


the expression for the internal temperature distribution be- 
comes 
T whe — e~™) + Tul — e~™*) 


T(r) = 


For the porous metal data employed in reference (1), the 
simplified result in Equation [13] yields sensibly the same 
matrix temperatures as the more complicated expression of 
that reference. Similarly, the coolant temperature is also 
accurately described by Equation [13] except, as remarked 
above, for the immediate neighborhood of the coolant bound- 
ary where the coolant temperature changes from T’., 
nearly 7',- in about one pore diameter. 


b Convective Boundary Conditions 


With the convective boundary conditions in Equations [8] 
and [9], the integration constants in the general solution, 
Equation [11], are determined from 

[T, — (Ci + C2)] = = C2 


hglT, — (C1 + C2) — + — Te] = 
Gee, + C) = Pid 


Ni 
T, — Tere | X 
+ 1) 


| 
(Ny + 
E 
(Ny + +1 


with the result 


5 | 


N, N,Ne-™ 1 
C, —*~ ~+7.j11- — [15] 
(N, + + 1) 
where N, = h,/G.cp and N, = h./G£p. 


A basic engineering parameter of interest in transpiration 
cooling is the so-called efficiency m, defined by the ratio 


(Cy C2) 


T, Tce 


| 
| . 
| 
the 
(see 
id its 
19 
. 
[3] 
ee 
907 


which, for the convective boundary conditions, becomes 


1 + Geep/h- 
Gey + ho + hy (: a Constant-Temperature Boundary Conditions 
When C; and C, are determined from the constant-tem- 
Another parameter of interest involves the temperature dif- perature boundary conditions 


ference across the porous wall 


. T.. = T(r.) = C,' + 
which, for the convective boundary conditions, may be reduced Ie 


the expression for the internal temperature distribution be- 


comes 
rod ()"}+ Pal (")"] 
T(r) =- 13'| 
"Te 


The result obtained here agrees with the more genera! ex- 
7 pression for the temperature distribution in the cylinder 
derived in reference (1) when the latter expression is simplified 
on the basis of numerical data characterizing transpiration 


the above results for m and 7 reduce to well-known over-all 


temperature relations 
cooling in porous metal walls. 
T, Two 1 


T, — + hy/he + hel/K Convective Beundary Conditions 
hol /K With the convective boundary conditions in Equations 
[8’] and [9’] the integration constants in Equation [11’| are 
T, — Tec 1+ 


meable walls = hon = 


rg 


1 
— Tuo) = K — hAT — Tool 
toh, | To — (C,’ +— — Ci! + — = 


Another limiting relation of practical importance is ob- ‘i 
tainable from Equation [16] for h. ~ 0, inasmuch as convec- 7 (c Pa C2’ Ss 
tion and radiation losses through the coolant side boundary bali — 7 


obtainable directly from heat balance equations for imper- es ee i 


may be neglected under typical transpiration cooling test , ee i 
conditions with the result 
1 + h,/Gecp + 1)(N.’ + 1) 
It is to be noted that m here becomes independent of the ma- 
trix data K and land that, in so far as the gas-side heat-transfer te (No +1) 
coefficient is proportional to the gas mass flux G,, empirical rae 
correlations (4) between and ratio G./G, can be justified IT, — Tee Na’ 
analytically. Ny’ +1 (Ny’ + + 1) 
An empirical approach to the study of the relation between (15’] 
the effective gas-side coefficient h, in the presence of injec- 
Gon and the coefficient h, ob tainable without coolant injection With these results the ‘‘efficiency”’ parameters for convec- 
is suggested by an analytic formula for the ratio taken tive 
directly from Equations [16] and [17] ; 7 
Gals 
This ratio is independent of heat losses through the coolant aa he he — Geet p Te 
side boundary as well as of entrance coolant temperature and [16’] 
is, therefore, free from some possible sources of error (4, 5) in 7 ' = 
the interpretation of test data. (1 
Referring the coolant flux G.(r) to the inner or gas-side 7 he he — Gegtp re 
[17’] 


boundary of the circular cylinder by means of Equation [10], 


we have the general solution of Equation [4’] » T.. oh _ 
2 wg we g 

= = |..... [18’] 

T(r) = Cy + — Ty Tug re 


2 
m 


The latter expression permits the empirical determination of 
where C;’ and C;’ are integration constants and (Continued on page 378) 


368 JET PROPULSION 


The . 


In 
fact t 
perm 
its pa 
reduce 
econo 
eficie 
In 
pears 
lvery 
The 
tage 
ltiner 
nospl 


tition 
ind ar 
8 thr 
Assem 
Access 
ion 
tro 
tnd at 


1 Pre 
5 Par 
‘ULSIO 


Nove: 


2 
the 
ay G h l-—e K It 
Cp nd [17 
G h h Gee pl sup 
c Lp 
. For vanishingly small coolant flow I 
\ orbi 
eCp 
(4 Gee pl The 
a 
and 
requ 
It 
tions 
and 
supp 
N 


tem- 


1 be- 


13'| 


| ex- 
nder 
‘ified 


ition 


| are 


16’) 


ON 


KRAFFT A. EHRICKE! 


Bell Aircraft Corporation, Buffalo, N. Y. 


The subject of orbital supply is investigated, stressing operates jointly with that of the second stage, fed by the 


the engineering possibilities for improving the economic latter, until they separate. Thereafter the third stage con- 
aspects of orbital operations and space flight. Following tinues alone. Thereby power plant weight is saved in the 
a brief survey of the basic problems, a new orbital supply second stage. The telescope arrangement of the two upper 
system is proposed in the second section of this paper. stages reduces the over-all length and thus facilitates handling 
It is characterized by operational separation of cargo and launching. 


A tentative weight analysis of this vehicle is based on the 
power plant and flight performance data assembled in Table 
3. Table 4 summarizes the essential component weight ratios 
and some main weight data for the 11,000-lb supply ship. 
These ratios, as well as those presented in subsequent tables 
are the result of studies using published weight data and un- 
classified theoretical analyses, such as reference (10). Values 
were rounded off in several cases. The symbols are explained 


supply and passenger transport. The supply ship has a 
ballistic shape and is automatically guided into the target 
orbit. The passenger ship is equipped with a winged up- 
per stage. In the third section, supply requirements for 
orbital operations as well as space flight are discussed. 
The existence of optimum satellite orbits for departure 
and arrival of interplanetary expeditions is demonstrated 
analytically. Finally, examples of guided supply vehicles 


and passenger ships are presented. Their take-off weight in the nomenclature at the beginning of this paper. 
and payload capacity serve to illustrate the effect of supply As Table 4 indicates, the joint thrust force of both upper 
requirements on the over-all supply efforts. stages is so distributed that stage 3 always has a certain weight 
4- 7 with respect to the second stage (ef. the corresponding initial 
axial load factors in Table 3). This weight increases during 
Orbital Vehicles the burning time, as stage 2 is emptied, while stage 3 remains 
fully loaded. The payload nose of stage 3 rests on a conical 
It is the purpose of this section to present possible applica- bearing on top of stage 2 so that lateral displacements due to 
tions of the general principles outlined in the second section, inertial forces are also avoided. Because of the weight of stage 
and to illustrate the economic advantage of the proposed 3, premature separation should not occur. At burn-out of the 
supply system. second stage, the thrust of the third stage produces separation. 


Numerical data, given in this connection, should be re- 
garded as examples to point out the order of magnitude or 
differences in trends. Considerable efforts have been made, 
however, to avoid conjecture wherever possible, although 
evidence cannot always be submitted in this paper, due to lack 
ofspace. Nevertheless, the data and design assumptions are, 
of course, open to argument, whereas the trends are con- 
sidered much more certain. A more detailed discussion of the 
ehicles, in conjunction with the small satellite, is planned in a 
subsequent paper. 


The 11,000-Ib Supply Ship 


In point 2 at the end of Section 2, attention was called to the - ; 
lact that operational separation of the supply service would ; 
vermit each of the two basic configurations to be designed for 
ts particular purpose. The necessity to compromise is greatly 
rduced in comparison to winged supply vehicles. Better 
economy in the use of expensive materials and greater design 
ficiency are the result. 

In Fig. 8, a supply ship configuration is depicted which ap- 
ears promising for a minimum dead weight design and de- 
livery of a maximum of useful material with each flight. 

The concept involves a three-stage vehicle where the third 7 
tage is partly surrounded by the second stage. The con- ii 
uiners of stage 3 are protected while passing through the at-_ 
tosphere and will not emerge until practically vacuum con- Rate 
litions are reached. They can be made of very thin material 
ind are arranged between round, tubular columns which serve 
‘s thrust frame, connecting motor section and payload nose. 
‘ssembly of the two upper stages appears well feasible. 
Accessibility to all important parts is good, since the propul- 
ion system is in line with that of the second stage, while the 
‘ectronic equipment, that is, guidance, control, power source 
ind attitude control, are in the nose section. The power plant 
' Preliminary Design Department. Mem. ARS. 


' Part 1 appeared in the September-October issue of Jet Pro- ae 
*ULSION, pp. 302-309. Fig. 8 Schematic sketch of 11,000-lb supply ship 
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Table 3 Trajectory Data for Powered Ascent of Supply 
Vehicles (Burning Period I) 

Stage number 1 2 3 

Propellant Oxygen-Hydrazine 

Mixture ratio (oxid/fuel, b.w.) 0.9 

Chamber pressure, psia 590 

Exit pressure, psia 10.7 1.47 1.47 

Theoret. spec. impulse, Js 11, 

sec 305 350 350 
Velocity correction factor, 

Isp/Ispth 0.96 0.93 0.93 
Used spec. impulse, Jsp, sec 295 325 325 
Effective loading factor, 

Wa/Wo 0.695 0.642 0.581¢ 
Effective mass ratio (— ) 3.28 2.8 2.39° 
Cut-off trajectory angle, deg 15 4 0 
Initial axial load factor, g 1.3 1.5 1.44 
Axial load factor at cut-off g 4.26 4.19 3.46 
Maximum normal load fac- 

tor (deflection), g 0.33 0.79 0.62 
Velocity at cut-off, fps 8,060 18,170 25,600 
Altitude at cut-off, 1000 ft 147 366 435 
Burning time, sec 155 139.1 104 
Actual velocity increment, 

Av, fps 10,110 7,430 
Ideal velocity increment, 

Avia, fps 10,700 7,500 
Stage cut-off velocity fac- 

tor, Av/ Avia 0.947 0.99 
Over-all ideal velocity, via, 

fps (all burning periods) 31,000 mia pt 
Over-all cut-off velocity fac- bia died 

tor v1/via 0.89 = 
Over-all mass ratio (— ) 22.3 
* Total: 0.591 Gy 
> Total: 2.44 


The Passenger Ship 
In designing the upper stage of the passenger ship, the most 
important viewpoints are good hypersonic flight qualities, re- 
liability, and safety. These considerations suggest a shape 
similar to that shown in Fig. 9, for example. The vehicle con- 
sists of three basic components, nose section (a), wings (b), 
and main body (c). The nose section contains the passenger 
space with all furnishings, power source and guidance and 
stability equipment. This section consists of a cylindrical 
body with a nose cone obliquely attached to it, so that the 
bottom meridian line is rectilinear. It is embedded in the wing 
portion, preceding the main body. The latter contains es- 
sentially three complete rocket power plants, mounted 
parallel to each other. Thereby the vehicle body (a) and (c) 
obtains two-dimensional shape with a large flat bottom area 
which provides the bulk of the required lift in the hypersonic 
and high supersonic flow regime, directly supporting a large 
portion of its own weight. The wings (b) furnish additional 
lift and, because their aspect ratio is much larger than that of 
the body, reduce the angle of attack for low-speed flight and 
landing. Front and rear landing skids are provided. The 
front skid is a plate which can serve as auxiliary wing, tiltable 
to assist the ailerons in maintaining the desired angle of at- 
tack at low speed. Wedge-shaped trimmers at the stern (so 
as not to interrupt the flat bottom surface) provide pitch 
control at hypersonic speed to maintain adequate angles of 
attack for descent at maximum lift coefficient, thereby reduc- 
ing frictional heating. For certain emergency conditions, 
separation of the passenger section (a) from the main body is 
provided, as indicated by the dashed line in Fig. 8. By this 
method, ejection in individual capsules (11), with its inherent 
complexity, hence increased probability of failure, and high 
weight can be avoided. The mechanism and aerodynamics 
of separation cannot be discussed in this paper. Once sepa- 
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(1) REAR SKIDS FLAT BOTTOM AREA 
(2) HYPERSONIC PITCH SECTION A 445FT® 
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rated, this section is essentially a delta-wing plane, equipped 
with its own aerodynamic control. It can glide to the ground, 
or at least carry the passengers back to lower altitude where 
they can bail out. 

The passenger plane must have booster stages. 
bottom bodies are involved, a parallel arrangement of the two 
upper stages appears promising. 


If flat- 


288° 


PITCH TRIMMER 
& ~ 


FRONT SKID 
LANDING PLATE 


IT IS ASSUMED THAT ONLY 50% OF THE ABOVE AREA |S 
EFFECTIVE AS LIFTING SURFACE AT SUBSONIC SPEED. 
HENCE, THE WING LOAD IS DOUBLED. 


Fig. 9 Schematic sketch of 5-person orbital rocket glider 


Design concepts of this type have been studied since 1951° 
and ultimately lead to configurations of which an example is 
depicted in Fig. 10’, to serve as a prototype for the present 
discussion. The advantages of the twin-stage arrangement 
are: reduced over-all height (simpler handling), improved 
stability, and saving of power plant weight due to joint burn- 
ing of the twin stages prior to separation.® 

Weight studies indicated that the over-all take-off weight 
of the passenger ship can be made approximately equal to 
that of the 11,000 lb supply ship, if the second stage is made 
expendable, that is, not provided with wings. The correspond- 
ing weight data are presented in Table 4. The gross weight 
of the passenger stage equals that of the 11,000-Ib payload 
stage, at a payload, however, of 1200 lk only. The second 
stage is larger than in the supply ship. “Its structural weight 
is somewhat smaller, since part of its structure is protected by 
the passenger ship, and, therefore can be light. The first 
stage is smaller and has larger structural weight due to the 
fins required for stabilization. The over-all mass ratio of sup- 
ply ship and passenger vehicle is 28.5 and 32.4, respectively. 


6 Thanks are due to Mr. Hamilton, Propulsion and Fuels Branch, 
Army Guided Missile Laboratories, Redstone Arsenal, Hunts 
ville, Ala., for his valuable help during the first phase of these 
design studies. 

7 There are other promising configurations conceivable. By 
separating supply and passenger service, the freedom of desig? 
is greatly increased. 

8 After completion of this paper it has come to the attention 0! 
the author that G. A. Crocco (12) also has considered parallel 
mounting of stages. Details are not yet known to this author: 
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Table 4 Component Weight Ratios and Main Weight Data 
Vehicle 11,000-lb Supply ship Passenger orbital vehicle 
Stage number 1 2 3 * es 1 3 
Weight Ratios: 8 - 
Payload, 0.173 0.198 C2. 0.204 0.168 0.026 
Propellant, A 0.695 0.642 0.591 0.654 0.682 0.584 
Auxiliary fluid, 0.03 0.025 0.025 | 0.03 0.030 0.04 
Structure, o 0.065 0.08 0.065 0.075 0.065 0.25 
Power plant, 6 0.035 0.05 0.05 0.035 0.05 0.04 
GCPE,? Ye 0.002 0.005 0.03 7 0.002 0.005 0.06 
Dead weight, D 0.102 0.135 0.145 0.112 0.120 0.35 
Empty weight, 0.275 0.333 0.389 0.316 0.288 0.376 
Design mass ratio, 1/I{A +a) 3.64 3.0 2.61 3.51 3.47 2.66 
Net weight factor, fn hs 0.160 0.199 0.223 0.173 0.180 0.34 
Weights 
Payload weight, Wy, lb 282,000 46,000 11,000 274,000 46 ,000 1,200 
Effective propellant wt., WA, lb 931,000 148,800 27,300 875,000 186, 130 26,900 
Dead weight, Wa, lb 137 ,000 31,300 6,650 157 ,000 33,000 16,100 
Gross weight, Wo, lb 1,340,000 232 ,000 46,000 1,340,000 274,000 46 ,000 
Miscellaneous: 
Momentum thrust per stage, lb 1,741,000 346 ,000 66, 400 1,741,000 410,000 49,800 
No. of motors and thrust,? lb 5 at 285,000 4at 53,500 4 at 16,600 5 at 285,000 4 at 86,000 3 at 16,600 
Steering motors,° Ib Sat 40,000% 4 at 16,600 8at 40,0007 4 at 16,600° 
*GCPE = Guidance, Control, Power Equipme nt; >for 2nd stage, thrust of 3rd stage must be added; ¢ tiltable, except cf./; 
42nd stage ‘motors with low-altitude nozzles; ° all main motors tiltable for three-axes control; chamber pressure reduced for 
low-thrust operation at the end of Phase IT and during Phase III. / central motor swivel-mounted for control i _ h and yaw; 
side motors tiltable for roll control; vernier thrust produced at the end of Phase II, and during Phases III and I 


Fig. 10 Orbital vehicle for passenger transport _ 
The 2000-Ib Supply Ship A 


The small supply ship with 2000-lb payload does not offer 
additional problems. The simplest and most straightforward 


jiesign is probably a three-stage configuration with tandem 


irrangement of the two upper stages*. The resulting take-off 


*The most economical solution, employing winged first or 
fecond stage (take-off weight about 475,000 Ib) is discussed in 
this author’s paper, “Analysis of Orbital Systems,” presented at 


ith IAF Congress, Innsbruck, Sept. 1954. 
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weight is about 275,000 Ib (Table 5), placing this ship into a 
class of multistage vehicles which could be developed within 
a decade. 


Table 5 Component Weights of the 2000-lb Supply Ship 
Stage 1 2 3 

Payload weight, lb 46,000 8,730 2000 
Effective propellant wt., lb 191,000 29,570 5160 
Auxiliary fluid wt, lb 8,250 1,150 220 
Dead weight, Ib 29,750 6,550 1350 
Gross weight 275,000 46,000 8730 
Design mass ratio 1/1- 

(A + a) 3.64 3.0 2.61 
Net weight factor, fn 0.166 0.207 0.233 


Comparison of Vehicles; Supply Economy 


For a comparison of the prototype vehicles described before, 
three parameters are introduced, all of which are based on the 


delivered payload weight 
Wa, 


Ww here Wa is the take-off weight of the first stage, pom the 
over-all take-off weight, and W), is the delivered payload 


weight of the third stage _ 


where the propellant comprises the effective propellant used 
for acceleration and the auxiliary fluid, assuming the use of 
gas turbines as prime movers, and 


take-off weight factor = 


propellant weight factor ?, 


=Wa 

dead weight factor ¢, = =— 
Wr 

where the term in the numerator designates the dead weight 
of all wingless stages. This definition implies that all wingless 
stages are expendable. Actually there is the alternative of 
attempting parachute recovery. In reference (13) it has been 
assumed, on the basis of preliminary calculations, that both 
first and second stage of a satellite ship can be recovered in this 
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manner. However, in view of the intense heat transfer 
which must be expected on a body of blunt shape and small 
lift and of the low heat capacity of the thin, unprotected 
structure, recovery of the second stage appears doubtful. 
Moreover, remembering that the dead weight of the second 
stage represents about 14 to 18 per cent of the over-all dead 
weight and that the flight range of this stage is very long, be- 
cause of the high cut-off velocity, recovery hardly seems 
worth while even if the stage could be reconditioned for 
further use. Recovery of the first stage should be feasible and 
is more promising, since in that case 75 to 80 per cent of the 
over-all hardware is gained back. The case of first-stage 
parachute recovery is considered in the modified dead weight 
factor ¢, which then, for the passenger ship, implies that the 
first and the third stage are recovered after each mission. 
Table 6 summarizes these parameters for the three prototype 
vehicles. 


high transport efficiency is obtained even with take-off weight 
factors of 120 to 140. If, in addition, the orbital and astronau- 
tical objectives are selected with proper consideration of the in- 
herent limitations imposed by chemical propellants, then 
there is no need to wait for more powerful energy sources, nor 
is there any justification for the assumption that satellite 
supply or space flight with chemical propellants is prepos- 
terously expensive in view of its limited material return. 


Over-all Requirements 


It is now possible to combine the results obtained in this 
and the preceding section and to survey the total amount of 
material required for the establishment of a small satellite, 
circumnavigation of the moon, and flight to Mars. Based on 
the weight data for the 11,000-lb supply ship and approximate 
number of supply flights, Table 7 presents quantity of material 
consumed if nothing were recovered except the passenger 
glider. A comparison with the efficiency parameters of the 
passenger ship indicates that hardware expenses and propel- 
lant consumption, respectively, would be at least six times and 
nine times as large, if ships with winged upper stage were used 
for cargo transport. This is based on first-stage paracliute 
recovery. The propellants represent the bulk of the weight, 
as was to be expected, but they are less expensive than the 
other material. No cost estimates are attempted, because of 
the future character of such projects. Material requirements, 
based on generally valid performance calculations and design 
considerations, reflect the over-all effort more reliably. 

Structural and other material actually will not be lost com- 
pletely. At least, there is use for the third stage in space and 
parts can be carried back to earth. If one assumes recovery 
of the first stage, then the propellants will amount to more 
than 90 per cent of the over-all transport expenses for the re- 


Table 6 Supply Economy and Transport Efficiency of 
Prototype Vehicles 
Vehicle Passenger 2000-lb 11,000- 
aes: ship supply Ib 
ship supply 
ship 
stage 
Take-off weight factor 
1,120 137.5 122 
1/%, 0.000894 0.00729 0.0082 
Propellant weight factor 
945 117.6 105 
0.00106 0.0085 0.0095 
Dead weight factor 
4 reed 158 18.8 16.0 
1/¥¢ 0.0063 0.0625 
Modified dead weight 
factor 
27.5 4 3.45 
1/%;, 0.0364 0.25 0.29 


The take-off weight factor is a measure of the supply 
economy in general. It can be seen that for the large supply 
ship this value is better than that of the passenger ship by a 
factor of about 9. This fact alone, aside from the other ad- 
vantages pointed out before, characterizes the decisive reduc- 
tion in over-all efforts which may be gained by the use of auto- 
matically controlled supply ships of ballistic shape rather than 
winged and manned satellite ships. The small supply ship, 
although greatly superior to the passenger ship, does not quite 
reach the values obtained with the large vehicle, due to its 
smaller size. 

Propellant and dead-weight factor are measures of the 
transport efficiency in particular. It is interesting to note on 
the example of ¢, that, in spite of recovery of its third stage, 
the passenger ship has a much higher dead-weight factor than 
the supply vehicles although all their hardware supposedly is 
lost. In the case of first-stage parachute recovery an excellent 
transport efficiency is obtained with little difference between 
the large and the small supply ship, while the passenger ship 
still loses eight times as much hardware per pound of payload 
as the 11,000-Ib supply ship. 

The supply economy, using thermochemical power plants, 
is very poor in general. Any hope for improving this situa- 
tion rests with the capability of controlling and utilizing, in 
time, more powerful energy sources. However, the results 
compiled in Table 6 serve to show that considerable improve- 
ments are more readily obtainable through careful analysis of 
engineering possibilities which are still far from being ex- 
hausted. Assuming parachute recovery of the first stage, a 
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Table 7 Material Requirements for Supply of Operation 
in Space 


(11,000-lb supply ship) 


Operation Establish- Circum- 
ment of naviga- Mars expedition 
20,000 tionofthe (8 persons) 
cu ft sat- moon (3 Casel Case2 
ellite® persons) 
No. of supply orn 
flights 50 680 600 
Propellants 
(O2—N2H,) 
Wa (1000 Ib) 55,300 60,808 753,000 663,360 
Wa (1000 lb) 2,300 2,550 32,000 27,600 


Structure and 


We. (1000 lb) 5,500 6,050 76,000 67,000 
Ws (1000 lb) 3,050 3,350 41,500 36,600 
GCPE? 
W ye (1000 Ib) 265 291 3,600 3,180 


se 


@ Four persons; hs = 540 n.mi. 
° GCPE = Guidance, Control, Power, Equipment. 


spective operation. The same is true for the regular main- 
tenance service. Presumably one or two ascents each of the 
2000-lb supply ship and of the passenger ship per month will 
suffice for this purpose. With parachute recovery the first 
stage of the passenger ship can also be salvaged, reducing % 
to a value of about 27. The propellant consumption would be 
about 2.8 million pounds for all four flights. The underlying, 
arbitrary assumption for the two ascents of the passenger ship 
is that personnel must be retated every two weeks. This is 
not necessarily correct, and longer periods of rotation would 
reduce the number of passenger flights as well as of ascents of 
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the small supply ship. In any case, the resulting costs will 
be in reasonable proportion to the benefits derived from the 
existence of a scientific laboratory in space. 


Summary and Conclusions 


A new orbital supply system is proposed which uses auto- 
matically guided, wingless supply ships for cargo transport 
and restricts the application of upper glider stages to pas- 
senger service only. 

A comparison of these two configurations, on the basis of 
about 1.3 million pounds take-off weight, indicates that the 
ratio of payload weight over gross weight is about nine times 
higher for the automatic carrier than for a vehicle with winged 
upper stage. It is shown that actually the design require- 
ments for cargo transport are very different from those govern- 
ing passenger transport so that, by a separation of both func- 
tions, controversial compromises can be avoided, resulting in 
higher design efficiency, safety, and economy. 

From an analysis of orbital supply as well as space flight 
operations, it is concluded that two types of automatic supply 
vehicles are needed: one large vehicle with about 11,000-lb 
payload for periods of increased supply demands, and one 
small supply ship with about 2000-Ib payload for regular 
service. 

A take-off weight of about 1.3 million pounds is obtained 
for the large supply ship, as well as for the passenger ship. 
The latter carries a payload of 5 persons, corresponding to 
about 1200 lb. 

As a measure of the supply economy in general, the take-off 
weight factor, defined as ratio of take-off weight to delivered 
payload weight, has been introduced. The transport ef- 
ficiency in particular is described by expressing the propellant 
consumed and the dead weight expended during each supply 
fight in terms of delivered payload, called propellant and 
dead-weight factor, respectively. 

By using automatic supply vehicles the take-off weight fac- 
tor is reduced from 1120 to 122 and the propellant factor from 
945 to 105. The dead weight factor is reduced from 158 to 16, 
assuming that all wingless stages are lost, while the third stage 
of the passenger vehicle is recovered. In the case of para- 
chute recovery of wingless first stages, the dead-weight factor 
is reduced to 27 and 3.45, respectively, for passenger and sup- 
ply ship. 

The 2000-lb supply ship weighs about 275,000 lb, tandem- 
staged. Its efficiency is comparable to that of the large 
supply ship. Accepting a higher take-off weight, further 


economic improvements are possible by using a winged first © 


stage as carrier, or by parachute recovery of stage 1 and use 
of a winged second stage for glide recovery where parachute 
recovery becomes doubtful. To provide both booster stages 
with wings would increase the take-off weight very much. In 
any case, the use of a small supply ship reduces the level of 
effort required for maintenance. This is very important, be- 
cause maintenance operations must be conducted throughout 
the lifetime of the orbital installation. 

Since the small ship with tandem arrangement is well with- 
in the capability of rocket technology a few years from now, 
the important development tasks are the large automatic 
supply ship, hypersonic rocket gliders for booster stages, and 
the orbital glider. Essential for these projects is the intro- 
duction of rocket engines, operating with more powerful pro- 
pellants than presently in use, in order to avoid unnecessarily 
high take-off weights. 

The requirements for building a small satellite and equip- 
ping a circumlunar expedition, using the large supply ship, 
have been discussed as a numerical example. In both cases, 
the efforts are of comparable magnitude requiring about 50 suc- 
cessful supply flights. 

The energy required to equip and carry out a given inter- 
planetary expedition can be minimized by proper selection of 
the orbits of departure and arrival. For the transfer ellipse 
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and for the flight maneuvers indicated in Fig. 4", an optimum 
orbit, requiring minimum energy for the particular transfer 
ellipse, has been determined analytically. For this orbit, the 
planetary escape energy is equal to the solar potential energy 
difference between the two planets. It is also shown, how- 
ever, that the best assembly orbit (which at the same time is 
the orbit of departure) lies as close to the earth as possible. 
The effect of return into the optimum satellite orbit is dis- 
cussed by example of a small Mars expedition. The ex- 
pedition needs in this case about 5.8 million pounds of pro- 
pellant and 1 million pounds of other material, having saved 
about 870,000 lb of initial take-off weight by returning into 
the optimum orbit. The resulting reduction in propellant ex- 
penses for the supply service amount to about 90,000,000 Ib, 
not to mention other expendable material. This is nearly 12 
times the over-all material requirement for the Mars ex- 
pedition. For the latter, 550 to 600 successful supply flights 
with the 11,000-lb carrier into the assembly orbit are needed. 
This preliminary analysis conducted in this paper shows 
that separate passenger and material service can be used to 
improve the economy of orbital and space operations. While 
research to obtain access to more powerful energy sources is 
of vital long-range importance, improved engineering 
methods on the basis of chemical propellants, combined 
with the observation of practical limits in establishing the ob- 
jectives, actually seem to hold the key to space, at least for 
the next few decades. 
For Fig. 4, see Part 1 in the September-October issue of JET 
PROPULSION, pp. 302-309. 
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Fundamental principles of heat transfer in fibrous insu- 
lations are discussed. Thermal conductivity of a high- 
temperature insulating felt is plotted against mean tem- 
perature at various densities, and the conductivity data are 
analyzed to determine the contribution by each of the 
mechanisms of heat transfer to the total conductivity. 
Radiation and air conduction account for nearly all the 
conductivity at high temperatures. Conductivity due to 
radiation varies approximately as the cube of the absolute 
temperature, linearly with the effective fiber diameter, and 
inversely as the density of the insulation. Conductivity 
due to air conduction depends only on temperature and 
cannot be controlled by varying the physical properties of 
the insulation. Thermal conductance of a given in- 
sulating felt may be reduced by increasing either thickness 
or density, the former being more efficient from the 
standpoint of minimum insulation weight. An internal 
reflective foil does not appreciably reduce the conductance 
of an insulating felt. 

Applications of high-temperature insulation to protect 
aircraft structures are illustrated in specific heat-transfer 
problems. Criteria are discussed for evaluating the per- 
formance of a jet-engine insulating blanket. Computa- 
tions are carried out that show the relationship between 
engine and fuselage temperatures, the conductance of the 
felt, the emissivity of the enclosing foil, and the air flow 
rate between the blanket and the fuselage, for fixed am- 
bient conditions. Problems that illustrate thermal func- 
tion of insulation under transient heat-flow conditions are 
described and solved with minimum mathematical detail. 


Nomenclature 


(See Appendiz for discussion of thermal insulation terms) 


1 Senior Research Physicist. 
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Aircraft Insulation 


PAUL GREEBLER! 
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R2, R; = thermal resistance of air layers (1/h), (hr ft? deg F) Btu 
= average pore size, in. 
T, T:, T2, Ta = absolute temperatures, deg R ; 


t, ti, te, tg = temperatures, deg F 

Ty, ty = air temperature, deg R, deg F 

To, t) = equivalent isothermal temperature of blanket foil, 
deg R, deg F 


Tw, tw = wall temperature, deg R, deg F 


Tx, tr = actuator temperature, deg R, deg F 

ts = spar temperature, deg F 

U _ = transmittance (see Appendix, Equation [10]), Btu (hr 
ft? deg F) 

a = effective opacity of insulation fiber 

Bn = roots of equation 6 tan (@L/12) = pc/H 

&, 6, €: = surface emissivities 

p = bulk density of insulation, lb/ft’ 

p) = true density of fibrous material, lb/ft? 

T = time, hr 

At = temperature drop across insulation or air layer, deg F 


Heat Transfer in Fibrous Insulations 


IGH-temperature aircraft insulation generally consists 

of a felt enclosed in metallic foils. The felt is com- 
posed of high-silica or alumino-silica fibers which do not 
soften or devitrify at temperatures in excess of 2000 F. 
Fiber diameters range from one to ten microns, and the felt 
is highly porous. In nearly all applications the air spaces 
occupy more than 90 per cent of the total insulation volume. 
Heat transfer through the felt occurs by air conduction and 
convection, radiation, and fiber conduction. The purpose of 
the insulation is to break up a large air space into a great 
number of small pores, thereby reducing heat transfer by 


_ eonvection and radiation. 


Fig. 1 shows the contribution by each of the mechanisms of 
heat transfer to the thermal conductivity of a felt used for 


6 = actuator radius, ft. aircraft insulation. Conductivities are plotted against. in- 
C cm oe of insulation (Q/At), Btu/(hr ft? sulation as for temperatures of 500, 1000, and 1500 F. 
c = specific heat of insulation, Btu/(Ib deg F) 4 eo 
D = thermal diffusivity of insulation (k/12pc), ft?/hr 30 
d = mean fiber diameter, in. =. 284 
d? = mean square fiber diameter, in.? 
G = temperature gradient, deg F/in. 
H = heat capacity of spar per unit area, Btu/(deg F ft?) £4] <<a 22] 
H, = heat capacity of actuator per ft length, Btu/(deg F ft) 4 SS 
h = thermal conductance of air layer (Q/At), Btu/(hr ft? eee ee Z| 

deg F) Bie} 
hi, he, hs, hy = convection coefficients, Btu/(hr ft? deg F) 6 } 

= thermal conductivity (Q/G), Btu/(hr ft? deg F/in.) 

ka = thermal conductivity due to air conduction, Btu/(hr ~ juz 

ft? deg F/in.) 
k, |= thermal conductivity due to radiation, Btu/(hr ft? deg a " 

F/in.) 
L insulation thickness, in. 
Pp = porosity of insulation a ie a 
Q = heat flow, Btu/(hr ft?) ets 2 2 
R, = thermal resistance of insulation (1/C), (hr ft? deg F)/Btu . S 

Presented at the ARS Summer Meeting, Pittsburgh, Pa., June cong # 

24, 1954. ‘Fig. 1 Contribution by each of the mechanisms of heat transfer 


to the total conductivity at 500, 1000, and 1500 F 
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It is seen that air conduction and radiation are the important 
mechanisms of heat transfer, the latter becoming dominant 
as the temperature is raised and the density lowered. The 
curves for air conduction are based on Keyes’s (1)? empirical 
equation for the conductivity of air, and the radiation curves 
were plotted from Equation [4], which is discussed further in 
greater detail. Total conductivity curves at 500 and 1000 F 
were obtained from thermal conductivity measurements with 
the guarded hot plate (2), while the curve at 1500 F was com- 
puted from Equation [1]. Air convection was shown to be 
negligibly small at 150 F in insulations of practical density (3), 
and it would be expected to be even more negligible at higher 
temperatures since the Grashof number for air decreases with 
increasing temperature. Heat conduction along the tortuous 
fiber paths is extremely small, as was shown by low-pressure 
conductivity measurements (3, 4). However, the fibers 
contribute indirectly to the thermal conductivity since they 
occupy a small fraction of the insulation volume that does not 
contribute any appreciable resistance to heat flow. As a 
good approximation, the thermal conductivity of a fibrous 
insulation at high temperatures is given by 


ke + ky 
[1] 
p 


The porosity in the denominator of the first term, which is 
generally between 0.9 and 1.0, accounts for most of the small 
contribution by fiber conduction. The second term, which 
may be disregarded for most practical computations, takes 
into account the additional parallel conduction along the 
tortuous fiber paths. For the insulation upon which Fig. 1 
is based, excellent agreement between experimental conduc- 
tivity values and those predicted by Equation [1] was ob- 
tained by setting a equal to 0.005. Both ka and k, are 
temperature-dependent, the former varying roughly as the 
square root of the absolute temperature and the latter as the 
cube of the absolute temperature. 

Air conduction in an insulating felt cannot be reduced, 
unless the felt is enclosed in an evacuated space, since the pore 
size is always appreciably greater than the mean free path of 
the air molecules, roughly 4 X 10-*in. Conductivity due to 
radiation, on the other hand, depends on the density of the 
felt and the diameters and optical properties of the fibers. 
Radiation emitted by one fiber passes through an air space 
and is incident upon a neighboring fiber, where part of the 
radiation is absorbed and the remainder is scattered in all 
directions or transmitted through the fiber. Hamaker (5) 
has developed a theory of heat conduction by radiation 
within powdered materials. Extension of this theory to 


fibrous insulations, and assuming “gray’’-body radiation, 
yields for the conductivity due to radiation 


The effective opacity of each fiber, a, takes into consideration 
both absorption and scattering. The average pore size of the 
insulation may be computed from elementary measurements 
of density and fiber diameter, by the formula (3) 


S = 0.785 (d?/d) (po/p) ........ 


The factor (S/a) in Equation [2] may be regarded as the 
mean free path for radiation quanta. If the fibers were 
“black”-bodies, a would be unity and the free path length 
would simply be S, the average pore size. Since heat con- 
ductivity by radiation is proportional to (d?/d), the effective 
fiber diameter, a fibrous insulation used at elevated tempera- 
tures should be composed of extremely fine fibers. Scattering 
of infrared radiation is also dependent on the fiber diameter 
distribution, so a depends on the fiber diameters as well as 
on the chemical composition of the fibrous material. For 
the fibrous insulation upon which Fig. 1 is based, a is 0.50 


? Numbers in parentheses refer to References on page 378. _ 


NOVEMBER-DECEMBER 1954 


and the effective fiber diameter is 3.6 micron. For this in- 
sulation, the conductivity due to radiation is given by 


The numerical constant on the right side of Equation [4] was 
actually determined empirically from Equation [1] and 55 
thermal conductivity measurements over a mean temperature 
range 500 to 1100 F and at densities of 2 to 12 lb/ft*. The 
excellent fit of the experimental conductivity values, with k, 
assumed proportional to 7%p~, justifies the assumption of 
gray-body radiation over the temperature range 500 to 
1100 F. This assumption is implicit in the computed con- 
ductivities from 1100 to 1500 F. Fiber opacity a@ was calcu- 
lated from Equations [2], [3], and [4] and elementary meas- 
urements of fiber density and fiber diameter distribution. 
Infrared transparency measurements on very thin samples of 
the felt, using the Perkin-Elmer infrared spectrometer, showed 
that the transparéncy was nearly constant over the wave- 
length range 2 to 9 micron, with the exception of a very nar- 
row transmission band near 7 micron, and the transparency 
dropped off virtually to zero at longer wave lengths. These 
infrared measurements further justify the assumption of 
gray-body radiation, at least for temperatures up to 1000 F. 
Since the dependence of k, on T%p~ is general for fibrous 
insulations, the density of an insulation has a profound effect 
on its conductivity at high temperatures. In Fig. 2, the total 
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Fig. 2 Thermal conductivity of a high-temperature felt at 
densities vs. mean temperature 


conductivity of the felt considered in Fig. 1 is plotted against 
mean temperature for various densities. These curves are 
based upon the 55 thermal conductivity measurements on the 
felt. In application the temperature of an insulation varies 
from hot to cold surfaces, and the effective conductivity may 
be obtained by an integration. For practical calculations, 
however, the conductivity corresponding to the mean tem- 
perature of the insulation is a sufficiently good approximation 
to the effective conductivity. An insulating felt exposed to 
1500 F on the hot side and 500 F on the cold side possesses 
an effective conductivity that is very nearly equal to its true 
conductivity at 1000 F. 

The thermal conductance of a felt determines its insulating 
value. Conductance of a given felt may be reduced by in- 
creasing its thickness or density. For applications on flat 
surfaces or where the radius of curvature is large compared 
with the thickness of the insulation, an increase in thickness 
produces a proportional reduction of the conductance of the 
felt. An increase of density reduces only heat transfer by 
radiation, but not by air conduction. Therefore, increasing 
the density produces less than a proportional reduction of the 
conductance of the insulation, considerably less if the tem- 
perature is sufficiently low or the density already sufficiently 
high that radiation is not the dominant mechanism of heat 
transfer. The weight of insulating felt required to provide 


a definite conductance at a specified mean temperature is re- 

duced by increasing thickness at the expense of density, and 

this is frequently an — consideration i in jet propulsion 


applications. 
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Reflective foils have been inserted between felts in insulat- 
ing blankets to reduce thermal conductance. Such internal 
foils do not appreciably reduce heat transfer by radiation 
within the insulation, since the effectiveness of an internal 
foil is limited to an average distance (S/a) on either side of 
the foil. Computations based on Equation [2] indicate that 
a highly reflective foil centered between two 1/,-in. thick 
felts at 4 lb/cu-ft density and 800 F mean temperature would 
produce only a 2 per cent reduction of conductance. This 
was verified by thermal conductance measurements on jet- 
engine insulating blankets with and without center aluminum 
foils. 

In aireraft applications the performance of an insulation 
is evaluated by its ability to reduce the temperature rise of a 
structural member. A functional test of the insulation is 
made by measuring either the temperature rise of the struc- 
tural member under specified operating conditions or the re- 
duction of the cooling load for a given temperature rise. 
For design purposes, the insulation requirements can be com- 
puted from known thermal conductance data. This is il- 
lustrated by a simple heat-transfer problem. 

Suppose a jet-airplane insulating blanket is fastened 
around a 3-ft OD tailpipe section at 1400 F. A painted fuse- 
lage with emissivity 0.9 is spaced 21/2 in. from the tailpipe, 
as shown in Fig. 3a. For simplicity, we first assume still air 
between the blanket and the fuselage. Ambient air tem- 
perature ¢, is assumed to be 80 F, with a 15-mph air velocity 
transverse to the direction of heat flow over the outside of 
the fuselage. These conditions are similar to those under 
which the performance of a jet insulating blanket might be 
evaluated in a test cell or on an airplane on the ground with 
the engine running. 
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Evaluation of Insulation Performance 
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Figs. 3a, 3b Simplified geometry (3a, /eft) and equivalent 

electrical circuit (3b, right) for heat transfer from jet engine 
tailpipe to fuselage, with insulating blanket over tailpipe 


It is desired to determine the thickness and felt density that 
will limit the steady-state temperature of the fuselage to 300 
F. The blanket felt is assumed to be enclosed in Inconel foils 
of emissivity 0.3. An external foil facing an air gap, unlike 
an internal foil, may appreciably reduce the over-all trans- 
mittance by reducing the conductance of the air gap. 

Fig. 3b shows the electrical circuit that is the analog of the 
heat flow path. Thermal resistance R, is that of the insulat- 
ing felt, R. is the resistance of the air layer between the 
blanket cold foil and the fuselage, and R; is the resistance 
from the fuselage surface to ambient air. Since we may 
identify temperature with voltage in the equivalent electrical 
circuit, the temperature of the cold foil of the blanket f, and 
that of the fuselage ¢, under steady-state conditions, are 
computed from 


1320 (R2 + Rs) 


t Ri + Re + R; 
tb = b 
[5b] 


The fuselage temperature f, is the indicator of insulation per- 
formance. Frequently, however, insulation specifications are 
based on a maximum allowable temperature for the cold foil 
of the blanket. Equations [5a] and [5b] show that ¢, is not a 
good indicator of the performance of the insulating blanket. 
If the thermal resistance Rz is increased, tf, is lowered while (; 
is raised. With still air between the blanket and the fuselage, 
heat transfer through the air layer is due primarily to radia- 
tion, and R, is extremely dependent on the emissivity of the 
blanket foil. A highly reflective foil, such as polished alumi- 
num, would contribute to a lower f, and a higher t;, while a 
badly oxidized stainless-steel foil would increase f and <le- 
crease fj. In general, the temperature attained by the 
blanket cold foil is a poor criterion for judging the perform- 
ance of the insulating blanket. 
Thermal resistances are computed from the formulas 


T T2\3 

T: + T,\3 

| 6.93 X 10% 6 ( = + i | [be 


The first term in each bracket of Equations [6b] and [tic| 
is the conductance due to radiation,* and the second term is 
the conductance due to forced or free air convection. Emis- 
sivity of the fuselage e; is 0.9, while the effective emissivity 
e. for radiation between the blanket foil and the fuselage is 
0.29. The forced convection coefficient hz was computed as 
2.90, using the simplified equation of McAdams (6) for turbu- 
lent air flow parallel to the axis of a long cylinder. The free 
convection coefficient hz, which depends on the unknown tem- 
perature ¢,, was calculated from curves by Jakob (7) based on 
experimental studies by Beckmann of free convection in 
cylindrical gas layers. If we use the limiting value of 300 F 
for tf, R3 is computed from [6c] as 0.21. The values of ), 
R., and R, are then obtained from simultaneous solution of 
Equations [5a], [5b], and [6c]. This solution is usually 
simplified by first estimating a value for 4, and then using 
successive approximations to obtain an accurate solution. 

For the conditions assumed, the solution yields f; = 720 F, 
R, = 0.41, and R; = 0.64, and from [6a] the blanket con- 
ductance C is 1.56. For a blanket containing the felt upon 
which Fig. 2 is based, with a 1060 F mean temperature, this 
conductance is obtained with a 1/:-in.-thick felt at 11 lb/cu 
ft density or a */,-in.-thick felt at 4 lb/cu ft. 

It is interesting that, with still air between the blanket and 
the fuselage, the temperature drop across this air layer is 
about two thirds that across the blanket. The relatively 
large value of R, under these conditions stresses the impor- 
tance of the emissivity of the blanket foil. If the emissivity of 
the outer foil were increased from 0.3 to 0.6, all other conditions 
remaining unchanged, the fuselage temperature would be in- 
creased from 300 to 330 F, while the temperature of the 
blanket cold foil would actually be lowered from 720 to 630 F. 

With appreciable air flow between the blanket and the 
fuselage, temperatures f, and ¢, are computed by setting up 
two heat-balance equations on the cold foil surface of the 
blanket and on the fuselage. Suppose that it is desired to 
estimate the fuselage temperature f, that will be realized with 
an 1800 F tailpipe, a '/.-in.-thick blanket felt at a density of 
6 lb/cu ft, and air flow at 250 F and a mass velocity of one 


x 
ll 


3 We obtain a radiation coefficient as a function of the mean 
temperature from the identity 


(Tit — — Ts) = + 


and note that the second term on the right is less than 10 per 
cent of the first term if the absolute mean temperature is at 
least 1.5 times the temperature difference (see Ref. 6, p. 64). 
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Ib/(see ft?) between the blanket and the fuselage, all other 
The 


conditions being the same as in the preceding problem. 
heat balance equations are 


800 — 4) = 0.173 (2: ‘|+ 
100 


hi (th — 250)..... [7a] 
T; 4 T> 4 
~ 
+ 


hs — 80) + 0.173 f - 330 | 


where forced convection coefficients h; and hz are 3.50 and 
2.90, respectively, and and e;are0.29 and 0.90. (Coefficient 
h, was also computed from the simplified formula of Mc- 
Adams (6) for turbulent flow along a tube, using the equiva- 
lent diameter, 4-in., of the annular space.) Since C depends 
on the mean temperature of the blanket, and therefore on t, 
Equations [7a] and [7b] are most easily solved by successive 
approximations. The solution yields t; = 730 F and & = 
265 F. If the emissivity of the blanket foil is raised from 
0.3 to 0.6, the fuselage temperature ¢, rises to 300 F, while 
the blanket cold foil temperature ¢, drops to 660 F. Again 
the cold foil temperature does not properly evaluate the 
performance of the insulating blanket. 

Insulation requirements based on steady-state tempera- 
tures are on the conservative side. In many aircraft applica- 
tions, severe conditions are imposed on the insulation for 
only short intervals of time. Two further examples, taken 
from actual computations to estimate insulation require- 
ments for aircraft structures, illustrate the function of high- 
temperature insulations in transient heat-flow applications. 


Transient Heat-Flow Applications of Aircraft 
Insulation 


Thermal insulation is required to protect a wing spar, which 
isa side wall of a fuel tank. The spar, a thin aluminum plate 
with a heat capacity per square foot of 0.49 Btu/deg F, is 
adjacent to a burner section of the engine. In the event of a 
leak, the spar would be exposed instantaneously to 2000 F 
on its outer surface. It is desired to compute the thickness 
and density of insulating felt that would prevent the spar 
temperature from exceeding 250 F for 15 min in such an 
emergency. 

One-dimensional heat flow is assumed for the computa- 
tions, with a temperature of 2000 F on the hot surface of the 
insulation established at zero time. The initial tempera- 
ture of the insulation and spar is 140 F, the ambient tem- 
perature inside the fuel tank. To obtain a conservative re- 
sult, cooling of the spar by the fuel inside the tank is neg- 
lected. The thermal diffusivity of the felt, based on a 1000 F 
mean temperature and a density of 8 lb/cu ft, is 0.033 ft?/hr. 

If, as a first approximation, we neglect the cooling of the 
spar due to convection from its inner surface, the tempera- 
ture rise may be computed with the equation of Carslaw and 
Jaeger (8) for a solid in contact with a well-mixed fluid. The 
solid in this case is the insulating blanket, while the aluminum 
plate may be assumed to possess the essential property of the 
well-mixed fluid in that its temperature is constant through- 
out its thickness, at any instant of time. The Carslaw-Jaeger 
equation, with the values substituted for initial and hot sur- 
face temperatures, yields the following expression for the 
spar temperature ¢, as a function of time 7: 
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[8] 


ae of transient heat flow. 


The infinite series converges very rapidly, and only the first 
two terms need be considered. The cooling of the plate due 
to convection from the inside surface is obtained as a second- 
order approximation, and this proves to be a very small cor- 
rection for these conditions. 

A computed spar temperature of 260 F was reached after 
15 min. with a 2-in.-thick felt, while a 3-in. felt lowered the 
temperature attained in 15 min. to 170 F. This points out 
the considerable importance of insulation thickness for 
transient heat-flow applications where the rate of temperature 
rise is governed primarily by the rate of heat diffusion through 
the insulation. For such applications of insulation, the law 
of time (9) serves as a good approximation: The time re- 
quired to produce a specified temperature rise varies roughly 
as the square of the insulation thickness. The insulation 
should have the lowest possible thermal diffusivity, which is 
obtained by combining a low conductivity and a high density. 

When only a very thin insulation can be used, the heat 
capacity of the insulation may be neglected, and the rate of 
temperature rise depends only on the conductance of the in- 
sulation and the heat capacity of the insulated structural 
component. An example of such a problem is the insulation 
of an exhaust nozzle actuator near a wall at 1300 F, with suf- 
ficient space for only a '/.-in.-thick insulating blanket. 
The actuator is essentially a 5-in. OD stainless steel cylinder 
with a heat capacity of 4.56 Btu/deg F per ft length containing 
a stationary hydraulic fluid with negligible thermal capacity. 
Air at 700 F flows axially over the outside of the insulation 
with a mass velocity of one lb/(sec ft?), from which a con- 
vection coefficient hy = 2.90 is computed. The emissivity 
of the outer blanket foil is assumed to be 0.4, and the density 
of the insulating felt is 8 lb/ft’. One side of the insulated 
actuator is exposed to radiation from the 1300 F wall, while 
the other side receives radiation from a source at a tempera- 
ture near that of the ambient air, 700 F. The temperature 
of the hydraulic fluid, initially at 80 F, must not exceed 350 F 
after 15 mins. of operation under these conditions. 

An approximate solution of this problem is obtained by 
considering the outer foil of the blanket as an equivalent 
isothermal surface at temperature ft. Quasi-steady-state 
heat flow through the blanket is assumed, with a uniform in- 
side surface temperature equal to that of the actuator at any 
given instant of time. The heat balance on the equivalent 
isothermal surface and the rate of temperature rise of the 
actuator are described by the equations 


0.174 | - = 
a\100 2\ 100 100 


ha (To. — Ty) + C (To — T,).......... 


4 
The solution for 7» in Equation [9a], with C = 1.0,‘ is not 
highly sensitive to the value of the time dependent tempera- 
ture 7, JT) increasing from 1260 R to 1285 R as the actuator 
temperature rises from its initial value of 520 R to its maxi- 
mum allowable value of 810 R. Therefore, we use 7) = 
1270 R or t& = 810 F in Equation [9b]. Solution of [9b] 
with substitution of appropriate constants yields 


t, = 810 — 730 [9c] 


dt 
dr 


and the actuator temperature ¢, rises only from 80 to 140 F as 
7 increases from zero to 0.25 hr. 

Protection of instruments inside a guided missile against 
the elevated skin temperatures attained during a brief flight 
is another possible application of insulation under conditions 
Many other examples could have 


‘Since the blanket thickness is small compared with the 
actuator radius, the conductance may be computed as that of a 
1/,-in.-thick blanket covering a flat surface. The actuator radius 


6 should be taken to the center of the blanket. 
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been used, covering different temperatures and geometrical 
configurations, but the two problems selected adequately 
describe the function of the insulation in retarding diffusion 
or conduction of heat to the insulated component. ely, 
Summary 

Experimental conductivity data on a fibrous insulation at 
various mean temperatures and densities have been analyzed 
to determine the contribution by each of the mechanisms of 
heat transfer to the total conductivity. Radiation and air 
conductjon account for nearly all the conductivity at higher 
temperatures. Conductivity due to radiation, which varies 
approximately as the cube of the absolute temperature, can 
be reduced by decreasing the pore size of the insulation, either 
by increasing the density or by reducing the fiber diameters. 
Increasing the thickness of a felt produces a proportional re- 
duction in its thermal conductance, while an increase in the 
density of the felt produces less than a proportional reduction 
in conductance. An internal reflective foil does not appre- 
ciably lower the conductance of an insulating felt. Conductiv- 
ity data on a high-temperature insulating felt were given as a 
function of mean temperature and density; data were used for 
heat-transfer calculations pertaining to jet-propelled aircraft. 

High-temperature aircraft insulation generally consists of 
an alumino-silica or high-silica felt enclosed in metallic foils. 
If the insulation is used in series with an air gap, the emissivity 
of the foil may have an appreciable effect on the over-all trans- 
mittance. In the application of a jet insulating blanket over a 
tailpipe, with still air between the cold foil of the blanket and 
the air frame, the air gap was computed to contribute about 
40 per cent of the total thermal resistance from tailpipe to 
fuselage, with a foil emissivity of 0.3. For such applications 
of insulation, the performance of the insulation in a functional 
test should be evaluated from the temperature rise of the 
structural component being protected, or from the reduction 
of the cooling load required to limit the temperature rise to a 
specified value. The temperature attained by the cold foil 
of the insulating blanket is not a good indicator of the per- 
formance of the insulation. 

Thermal insulations are frequently used in jet-propelled 
aircraft to provide protection forstructural componentsagainst 
excessive temperature rise under transient operating or 
emergency conditions. If there is sufficient space for a fairly 
thick insulation, a low thermal diffusivity of the insulation 
can provide ddequate thermal protection, even though the 
heat capacity of the insulated component may be very low. 
If available space permits only a very thin insulation, the 
heat capacity of the insulation may generally be neglected, 
and the conductance is the only thermal property of the in- 
sulation that is effective in retarding heat transfer. Several 
problems were described, and solutions given with a minimum 
of mathematical detail, to illustrate the function of high- 
temperature aircraft insulations in steady-state and transient 
heat-flow applications. 


APPENDIX 


Thermal Insulation Terms 

Terms that have common usage in the thermal insulations 
field are conductivity, conductance, transmittance, and re- 
sistance. Equations that define these terms have been given 
in the nomenclature. Thermal conductivity is a specific 
property of an insulating material; and the first section of 
this paper dealt with the relationship between the thermal 
conductivity of a fibrous insulation and its mean tempera- 
ture, density, and fiber diameter distribution. 

Conductance is the most familiar insulation term used in 
heat-transfer computations. It has become common practice 
to distinguish between the conductance of a bulk material 
and of an air layer or film, although both C and h define the 
ratio of the heat flow through a medium to the temperature 
drop across it. For a homogeneous bulk insulation covering 
a flat or moderately curved surface, the thermal conductance 


7 Transpiration Cooling in Porous Metal Walls = 


is approximately equal to the conductivity at the mean tem- 
perature divided by the thickness of the insulation. The 
conductance of an air film or layer is frequently denoted as a 
surface coefficient of heat transfer, which may be broken 
down into its component radiation and convection coefficients. 
The term transmittance gives the total conductance of a 
heat-flow path consisting of two or more conductances in 
series, such as a bulk insulation in series with an air film. In 
the example cited, the transmittance is computed from formula 


Thermal resistance is a useful concept for solution of heat- 
flow problems by analogy between a heat-flow path and an 
electrical circuit. The thermal resistance of a bulk insula- 
tion or an air film is the reciprocal of the conductance. The 
total resistance of a heat-flow path consisting of two or more 
thermal resistances in series is simply their arithmetic sum; 
hence, total resistance is reciprocal of the transmittance. 

Thermal diffusivity is the important physical property of 
an insulation for many transient heat-flow applications. It 
is the ratio of the thermal conductivity to the heat capacity 
per unit volume of insulation. Since insulation performance 
is generally evaluated under steady-state conditions, diffusiv- 
ity is not so familiar a term in the insulations field as those 
discussed above. 
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(Continued from page 368) 


the effective heat-transfer coefficient h, from measured data 
on T,, T we and T'», in cylindrical walls, independently of losses 
to the exterior (kh. # 0) and of the coaként entrance tem- 
perature 7’... 

Comparison of the plane parallel wall formulas, Equations 
[16], [17], [18] with those for the cylindrical wall, Equations 
[16’], [17’], [18’], shows that the latter set may be obtained 
from the former by use of an equivalent thickness for the 
cylinder 

with G. = Gey. 
References 
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Technical Notes 


The Thermal Expansion of Some Liquids 
of Interest as Rocket Fuels 


GEORGE G. KRETSCHMAR! 


U. S. Naval Ordnance Test Station, Inyokern, China Lake, 
Calif. 


The volume temperature expansion coefficient has been 
determined for nitromethane and three dilutions of hydra- 
zine, over the temperature range 0 to 75 C. Corrections 
for the expansion of the glass dilatometer were avoided by 
a preliminary volume calibration with mercury over the 
complete temperature range. 


Introduction 


HE significant expansion effect in liquids is the volumetric 

or bulk expansion. In general, liquids have a greater 
volume expansion than solids, so that it is needful to know 
expansion coefficients in order to be able to correctly design 
liquid containers. 

There are two good methods available for measuring liquid 
expansion coefficients: (a) Regnault’s method of balancing 
columns in which the liquid is loaded into a U-tube arrange- 
ment, the two sides of which are maintained at different tem- 
peratures, and the difference in height measured. This 
method is independent of the expansion of the apparatus. 
(6) The dilatometer method in which the liquid is expanded 
in a glass apparatus in which the expansion of the glass is 
taken into account. If the liquid to be tested is volatile or 
contains volatile constituents, it is necessary to use a sealed 
equipment, so that volatile constituents cannot evaporate 
and change the composition or the quantity of contained 
liquid. Either of the two methods mentioned in (a) or (6) 
may be used for volatile liquids if the containers are sealed. 

Because of the simplicity of the equipment, the ease of fill- 
ing, and the ease of data taking, the method making use of the 
dilatometer was chosen. The closed dilatometer was first sug- 
gested by De Luc in (1).? In the form of the equipment used 
in this experiment, the dilatometer was made of Pyrex glass, 
with an elongated bulb, the volume ratio of which to the 
capillary tube was about seven. The amount of liquid was 
adjusted so that the meniscus extended into the capillary tube 
at the lowest temperature, which was zero degrees centigrade 
in these experiments. The liquid was frozen while sealing off 
the top of the tube so that after it was melted, it expanded 
against a small pressure. 

Apparatus and Calibration Procedure 

Fig. 1 is a sketch of one of the glass dilatometers after filling 
with the liquid and sealing. It is designed with a compara- 
tively long bulb in order to easily withstand an internal pres- 
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sure of approximately four atmospheres which is developed 
at the higher temperatures. The length is such that it may 
readily be weighed by hanging on the beam hook of an ordi- 
nary analytical balance. 

A method of calibrating and using these tubes which avoids 
having to make use of the coefficient of expansion of glass is 
as follows: Mercury is filled into the bulb and extends up 
into the capillary. The net weight of mercury is determined 
from the total weight, less the weight of the glass. The tube 
is then immersed in a temperature-controlling bath, and the 
height of rise of the mercury meniscus is marked on the glass 
stem at a number of different temperature points covering the 
range for which the temperature expansion coefficients are 
desired. From the known values of mercury densities at dif- 
ferent temperatures, it is then possible to make an absolute 
volume calibration of the glass dilatometer, and also from the 
same data one ean get the volume constant of the capillary 
tube. It is then easy to get the absolute volume at any point 
on the capillary by taking the volume at a given temperature 
as determined from the mercury calibration and adding or 
subtracting the stem volume correction due to the position 
of the liquid meniscus at a different point on the stem.’ The 
actual volume corrections may be made by a simple graphical 
method as will be explained later. 

After the calibration marks have been cut into the glass 
stem, using a tungsten carbide knife edge, and the marks 
checked, the mercury is removed and the dilatometer is filled 
with the liquid to a point such that the meniscus will be in the 
capillary tube at the lowest temperature point of 0 C! For 
hydrazine, the filling must be done in a nitrogen dry-box. 
For any liquid, the filling must be done in such a way that 
there is no loss or change of composition of the liquid. For 
filling, it is found convenient to use a long pointed pipette, 
thin enough to reach into the dilatometer bulb. This may be 
operated with a hypodermic syringe inside a dry-box. The 
correct amount of liquid having been placed in the dila- 
tometer tube, it is then sealed off. During the sealing-off 
process, the liquid may be cooled or frozen in dry ice. 

The sealed-off dilatometer may be used like an ordinary 
thermometer; that is, one may place it in a bath of known 
temperature and mark the height of the meniscus on the capil- 
lary stem. Using this procedure, the position of the meniscus 
was noted and marked on the capillary tube for six different 
points up to 75 C. The container was a Dewar flask of suffi- 
cient height to almost completely immerse the tube. Tem- 
peratures were measured with thermometers which «were 
estimated to 0.1 C. “a 

The distances between the marks on the glass capillary were 
measured with a Cenco traveling microscope equipped with a 
centimeter scale and vernier reading to 0.001 cm. A single 
traverse was made for both the mercury and the fuel expan- 


3 Another way of avoiding the correction for the glass expansion 
is to add an amount of mercury to the dilatometer, the expansion 
of which is just equal at each temperature point to the glass ex- 
pansion. This is the so-called constant volume dilatometer. 
For example, see ‘“Textbook of Heat’’ by Stewart, Satterly, and 
Temperly, University Tutorial Press, London, 1950, p. 67. 
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Fig. 1 Sketch of the glass dilatometer filled and sealed. Calibration marks are shown as they appear after marking with a tungsten- 
carbide knife edge. The mercury and fuel marks were measured in a single traverse of the traveling microscope 


Although this figure is placed horizontally, the dilatometer is always used in a vertical position. 
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sion points. This permitted the mercury and fuel expansion 
data to be measured on the same linear scale so that the stem 
correction was obtained by a simple graphical method which 
is explained below. The effect of linear expansion of the glass 
tube was neglected, since the maximum was of the order of 
0.005 cm, or less than the uncertainty of positioning the marks 
on the glass. 
Data and Calculations 


Experiments were made with a number of hydrazine-water 
mixtures and with dehydrated and purified nitrobenzine. In 
each case the liquid was sealed into a calibrated dilatometer 
and tested at six temperature points between 0 and 75 C. A 
permanent record was made by marking the meniscus posi- 
tions on the dilatometer stem, and measurements of these 
marks with a traveling microscope gave data which made 
possible the determination of the volume temperature rela- 
tions. 

An example of the recording and reducing of the results will 
now be given. Fig. 2 is a set of curves plotted for nitrometh- 


dilatometer bulb and tube up to the mercury meniscus at the 
given temperature. These volumes were determined from 
the weight density ratio for the contained mercury using pub- 
lished density values for mercury (2). Curve B is the plot on 
the linear scale of the mercury calibration points, and curve 
C is the plot on the same linear scale of the nitromethane ex- 
pansion points. 


ane. In this figure, curve A gives the absolute volume of the Es 
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TEMPERATURE DEGREES 
Fig. 2 Graphs of data for a glass dilatometer filled with purified 


nitromethane 
A = volume temperature data (cc scale); B = mercury tem- 
perature date (cm scale); C = nitromethane temperature data (cm 


scale) 


It will be seen, then, that the difference in ordinates of 
curves B and C at any given temperature represents a length 
of the tube of the dilatometer. The volume of this differ- 
ential tube length which is the amount of liquid above the 
calibrated volume point must be added to the known volume 
(curve A) to obtain the volume of the fuel at any given tem- 
perature. 

The process will be illustrated by two points computed 
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from Fig. 2. Taking 5.274, the volume of the dilatometer 
from curve A at 0 C. and subtracting 3.3., the difference be- 
tween curves B and C, multiplied by 0.0377 ce, the volume of 
unit length of stem, we get 5.1467, the corrected volume of 
the nitromethane at 0 C. Likewise, taking 5.3130, the volume 
of the dilatometer from curve A at 40 C and adding 2.99 cm, 
the difference between curves B and C multiplied by 0.0377 
ce per cm, we get 5.4257, the volume of the nitromethane at 
40 C. 

We are now able to compute the temperature coefficient of 
expansion from the defining equation which is 


V2-Vi 
Ville — th) 


where V2 is the volume at a temperature ¢, and V, is the vol- 
ume at ¢;. Using the above volumes and temperatures, we 
get, for 8 between 0 and 40 C | —_ 
_ 5.4257 — 5.1497 
5.1497 40 C) 
= 1.34 X 107‘ ce per ce per C 


If the value of 8 is computed as above over the temperature 
range of 0 to 75 C, we get 8 = 1.42 X 107%. Actually, as will 
be seen by inspection of the curve C, the data are not linear 
but require some higher-order terms for complete representi- 
tion. The volume over the complete range may be expressed 
in the form 


V,=Vo(1 + at + bf? + cl?).............. [2] 


and from this, 8 may be deduced at any temperature by ex- 
pressing [1] above in the form 


A set of curves similar to Fig. 2 was plotted for each liquid. 
From these curves the corrected volumes at temperatures of 
0, 20, 40, 60, and 75 C were worked out. These results are 
tabulated in Table 1. 

The data for each liquid given in Table 1 was reduced to 
the form of Equation [2]. The coefficients, and also the value 


Table 1 Volume Temperature Data for Liquids Between 


0 and 75 C 
oc mC 4C | 
Nitrometh- 
ane, 99.9% 5.1497 5.2853 5.4257 5.5774 5.6980 | 
Hydrazine, 
82.9% 5.1915 5.2366 5.2864 5.3403 5.3853 
Hydrazine, 
93.9% 5.1463 5.2483 5.3409 5.4454 5.5265 
Hydrazine, 
98.5% 5.0268 5.1146 5.2071 5.3063 5.3864 


Table 2 Cubical Expansion Coefficients for Some Rocket 
Fuel Liquids and Liquid Mixtures. The Data Have Been 
Fitted to the Equation V; = Vo(1 + at + bt? + ct?) 


B X 103 


at 25C aX bx 10° c X 10 
Nitromethane, 
CH;NO, 99.9% 1.427 1.29302 0.69944 1.32026 
Hydrazine, 
NoHy, 82.9% 0.4871 0.42033 0.72579 0.40714 
Hydrazine, 
N2Hy, 93.9% 0.9361 0.86661 0.55358 0.55769 
Hydrazine, 
N2H4, 98.5% 0.9538 0.85706 0.64608 0.85869 
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of 8 at 25 C are given in Table 2. The nitromethane was a 
purified sample prepared in this laboratory from a commercial 
product. The estimate of 99.9 per cent is based on the fact 
that the density checked closely and the index of refraction 
checked exactly with recently published data (3). The three 
samples of hydrazine were hydrazine-water mixtures, and the 
weight percentage of hydrazine was determined in each case 
by the direct iodate method (4). 
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Satellite Orbits for Interplanetary Flight 
KRAFFT A. EHRICKE! 


Bell Aircraft Corporation, Buffalo, N. ¥.. 


N A recent publication (1),? the energy equation for enter- 
ing an elliptic orbit around the sun was differentiated to 
find the most economical satellite orbit of departure or arrival. 
The general nature of the analysis did not require a specifica- 
tion of the type of transfer operation (number of impulses or 
burning periods of the space vehicle). However, the partial 
derivative Equation [14] in (1) was evaluated on the 
basis of the one-impulse method, as indicated in Fig. 4 of (1). 
The resulting orbital distance was designated as optimum dis- 
tance, opt- 

D. F. Lawden (2) has shown that the two-impulse method 
(hyperbola-ellipse-circle, or vice versa, as illustrated in Fig. 1 
of this note) can be more economical than the one-impulse 
method. Lawden found that with this method the transfer 
energy requirement becomes progressively smaller with de- 
creasing ratio rp/r4 (or b/a in his nomenclature) of the inter- 
mediate ellipse. The condition for the superiority of the 
two-impulse method, Lawden pointed out, is that the 
residual velocity after escape from the planet (here called 
hyperbolic excess) is greater than the parabolic (or escape) 
velocity from the respective satellite orbit of departure or 
arrival. Conversely, if the hyperbolic excess is smaller than 
the local parabolic velocity, the one-impulse method is more 
economical. 

The minimum condition Equation [16a] from (1) repre- 
sents exactly the point at which both methods are equal 
(hyperbolic excess = local parabolic velocity). At the same 
time, Equation [15] in (1) shows that at this point the one- 
impulse method itself has a minimum. The term r,, opt 
therefore applies only to the one-impulse method. Thus, with 
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increasing r,, the two-impulse method shows a continuously 
decreasing energy requirement, while the one-impulse method 
first decreases considerably faster (when r, <r,, opt), While later 
on it indicates an increasing energy requirement (for r, > 
Ts,opt ). Consequently, it is correct to state that, unless orbital 
distances r, > 7,, opt can be used, 7,, opt represents the minimum 
energy distance available with either method. 

Fig. 6 in (1) shows that the minima for the one-impulse 
method are a function of the solar distance of the target planet 
(or target apsis). For Venus and Mars the minima are very 
far out, and they are broad, so that r, can be reduced consider- 
ably below r,, opt, in fact, by as much as 10,000 to 20,000 
n.mi., without appreciably increasing the one-impulse energy 
requirement. Fig. 1 compares both methods for the case 
of Mars as target planet. It can be seen that, for a com- 


“parable reduction in r,, the two-impulse method would yield a 


significantly higher energy requirement. As a corollary to 
the characteristics of the two-impulse method, it may be 
noted that in the region r, < r,, opt, this method is more eco- 
nomical if rp/r4 = b/a is not as small as possible. 

A numerical evaluation of Equation [15] in (1) shows that 
in most cases orbital distances which are likely to be of great- 
est interest for various reasons, lie in a region where the one- 
impulse method will apply. For Mars as target planet, the 
two-impulse method, in order to be more economical, requires 
r, > 49,000 n.mi. This is undesirable for departure (1) and 
also for arrival (3). For Venus as target planet, r,, op: lies 
even farther out. The conclusions obtained in (1) and (3) 
regarding orbits of departure and arrival from Venus and Mars 
remain therefore correct. However, for arrival from Jupiter 
or from trans-Jovian planets, the two-impulse method can be 
more economical within the same range of orbital distances 
which has been allowed for arrival from Venus and Mars. 

With respect to operations near target planets, one finds, for 
flights from and to the earth 


¥(108 Ts, opt Ys, opt 
Planet n.mi.*/sec?) (n.mi.) -(n.mi.) 
Mercury 2.94 208 —1,184 
Venus © 50.80 48, 100 44,700 
Mars 6.64 3,525 1,695 
Jupiter. 19,710.0 4,265,000 4,425,000 
Saturn 5,560.0 1,291,000 1,260,000 
Uranus 885.0 280 ,000 268 ,000 
Neptune 1,030.0 433 ,000 418,000 
Pluto 5.89 3,000 0 


Again, with the exception of Mercury and Pluto, one finds 
that for most of the interesting regions, r, < r,, op. The Mar- 
tian moons lie outside this region; however, for practical 
reasons, a closer distance might be desirable, especially in case 


IMPULSE METHOD 
2-IMPULSES: 
= 4000 MI 
(3474 NMI) 
5000 Mi 

ge (44342 
a 
3 
> = 
8 

6. 

3.4656 6 20 40 60 8000 200 
7, (103N.MI) 
Fig. 1 Effect of orbital distance for Mars as target planet 
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of a landing. The same holds true for Venus. The one- 
impulse method applies also to Jupiter’s interesting large satel- 
lites, Io, Europa, Ganymede, and Callisto, as well as to 
Saturn’s Titan. 

It may finally be remarked that the partial derivative Equa- 
tion [14] in (1) actually contains a second minimum solution, 
besides the one leading to r,, opt, namely, y/2r,2 = 0; hence, 
either y = v2r = 0 (i.e.,rp = 0), orr, =74 = ©. Thissolu- 
tion has no significance for the one-impulse method, but it 
can be interpreted as representing Lawden’s minimum for the 
two-impulse method, b/a = rp/ra = 0. 
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Comment on “‘Satellite Orbits for Interplanetary 
Flight”’ 


DEREK F. LAWDEN 
ein College of Technology, Birmingham, England 


Mr. Ehricke’s note is most helpful in further elucidating the 
relationship between the two modes of escape from, or entry 
into, a satellite orbit. However, his Fig. 1 indicates that the 
position as regards optimum satellite orbits is essentially 
simpler than that which he has described in part I of his 
paper, ““A New Supply System for Satellite Orbits” (1). If we 
assume that the most economical mode of escape or entry is 
always selected (i.e., employing one or two impulses), his 
graph shows that the ideal velocity requirement for the ma- 
neuver steadily decreases as the radius of the orbit increases, 
there being a change-over from one to two impulses as r, in- 
creases through r,, opt. We may therefore say simply that 
the radius of the optimum satellite orbit should be as large 
as it can conveniently be made after all other requirements 
have been taken into consideration. From this point of view, 
the significance of the orbital radius r,, opt is not that it rep- 
resents an optimum condition, but that it marks the boundary 
between the one- and the two-impulse domain. As Ehricke 
points out, convenient values of r, will generally be less than 
this transition value and, consequently, escape will usually 


be effected by a one-impulse maneuver. 


J. F. MANILDI! 


Response Time in Temperature 
Indicating Instruments 


* University of California, Los Angeles 


HE effective use of required temperature data in control 
systems demands a knowledge of the response time of 
temperature measuring device. The response time of an 
instrument is arbitrarily defined as the time taken for a ther- 
mal measuring instrument to experience 63.2 per cent of an 
instantaneous temperature change in the medium whose tem- 
perature it is designed to measure. For a given temperature 
measuring device, this response time may vary widely depend- 
Received Feb. 12, 1954. 
1 Associate Professor, Department of Engineering, University 
of California, Los Angeles; Research Engineer, G. M. Giannini 
& Co., Inc., Pasadena, Calif. 
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ing upon the conditions of use. For example, the response 
time will be much lower when measuring stagnant air tem- 
perature than it would be in measuring the temperature of a 
high velocity air stream. In practice it is not generally 
feasible to attempt to determine either analytically or ex- 
perimentally the response time under all possible conditions 
of operation. Furthermore, even if response time were com- 
pletely known for all conditions of operation, the derivation of 
actual instantaneous temperature from the indicated tem- 
perature information would require rather complex computing 
devices, thereby increasing the size and complexity of the 
finished instrument. 

In actual practice, in order to avoid the difficulties men- 
tioned above, it becomes highly desirable to develop tempera- 
ture measuring devices having a sufficiently fast response time 
so that the temperature indication can be considered essen- 
tially identical, moment for moment, with the actual tem- 
perature to be measured. Theoretically, this would require 
an infinitely fast response time for the indicating instrument. 
Practically, however, certain minimum conditions can be 
prescribed for the response time such that the difference 
between indicated temperature and actual temperature may 
be kept within desirable limits over all expected conditions of 
operation. These minimum conditions can be described in 
terms of simple experimental procedures involving step 


temperature changes. 


Nomenclature 


e = base of Napierian logarithms 

f = frequency, cps 

k = rate of temperature rise coefficient of thermal element, 
degrees per sec per degree temperature difference 

r = recovery factor, dimensionless. Also, summation index 

i = time unit, sec 

t; = response time, sec 

T = temperature of thermal element 

T; = temperature of medium whose temperature is being meas- 
ured 

= initial temperature of thermal element 

AT = Ts To 

T;, = stagnation temperature of moving air stream 

Tm = measured temperature of moving air stream | 

Ty; = free stream temperature of moving air stream ; 

@ = proportionality constant 

w = angular frequency, radians per sec a 

Analysis 


The differential equation governing the conduction of heat 
from a medium to a thermometer element, when the phe- 
nomenon is linear with temperature difference, is given by 


If 7; is constant, the variables may be separated, and direct 
integration between the initial temperature 7) (at t = 0) and 
the temperature 7 at any time t, yields 


and the instantaneous error in measurement is 


The response time of the instrument is arbitrarily defined as 
the time ¢, taken for the instantaneous error to be reduced 
to 1/e of the change AJ’. From Equation [3] the response 
time is thus related to the coefficient k by the relationship 
Kt, = 1 | | [4] 
The relationships [2] and [4] are shown graphically in Fig. 1. 
If the temperature 7’, is a function of time only, the solution 
to Equation [1], if we assume the initial temperature 7» 
of the probe to be an arbitrary zero reference level, will be 


[5] 
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Fig.1 Temperature-time variation of thermal element in 
constant temperature medium 


Under conditions where the function under the integral 
sign is not integrable or is known only through an experi- 
mentally derived curve, the integration may be conducted 
graphically. 

As a specific instance in the application of Equation [5], let 
us assume that the function is a linear one and varies in ac- 
cordance with the expression T, = a7’. The solution to 
Equation [5] in this instance is given by 


T = at — (a/k\(1 — = T, — at(1 — e-*).... [6] 
and the instantaneous error by 


This solution is plotted in Fig. 2 along with the assumed 
variation of the temperature of the medium. It is seen 
that after the initial transient interval the temperature of the 
thermal element will lag the temperature of the medium by an 
amount at, and that this amount is directly and simply 
related to the response time of the instrument. In this 
instance it may be readily seen that the maximum permis- 
sible lag called for in specifications may be simply related to 
the required response time to meet these specifications. 

Some interesting and useful deductions may be made by 
expressing the temperature variation of the medium (the 
zero temperature level being the initial temperature of the 
probe) as an infinite Fourier series in accordance with the 
expression 

T, = >> A,sin (rot) + B, cos (rwt)......... [8] 
r=0 
Substitution of [8] into [5], and term-by-term integration, 
yields 
1 


2») 1 + (rw/k)? 


{Asin ret — rw/k cos ret) + B, (cos rwt + rw/k sin rwt)} + 


1 Tw 
1 + (rw/k)? A, — B,) [9] 


The terms under the first summation constitute the steady- 
state solution, while the terms under the second summation 
sign constitute the transient solution, and by appropriate 
manipulation the error, after the initial transient, will be 


T= 


. 


r=ol+ (k/rw)? 


k k 
) A. (si rwt + — cos rat) + B, (cos ret — — sin rat) 
re re 


Examination of Equations [9] and [10] show that in order to 
indicate accurately any particular frequency component r, 
the factor 
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Fig. 2 Temperature-time variation of thermal element in 
medium of linearly rising temperature 


must be near unity, i.e., rw/k<<1, the degree depending on 
the accuracy required. This condition may be alternately 
expressed as 2zft,<<1. 

If a criterion of maximum amplitude error permissible for 
the highest specified frequency component, f, is, say 1 per 
cent, this implies that the response time must be less than 
about '/0 of the time taken for a whole cycle at this highest 
specified frequency. 

In instances where the expected temperature variation of 
the medium is known approximately through experimental in- 
formation, it may not be necessary or desirable to express the 
variation as a Fourier series and, in fact, attention need only 
be focused on the most severe portion of the variation. 
Equation [5] may be integrated directly, using integration by 
parts. A single integration yields 


The second term on the right gives the instantaneous error, 
and this may be calculated by graphical integration if the 
expected variation in 7, is known or can be estimated. 

Continued differentiation by parts will yield 


1 (aT. aT, 
T.-T= (-1) ) (a ), 


r=1 


where the nomenclature ( ), and ( )o indicates the value 
of the indicated quantity at time ¢ and at time zero, respec- 
tively. 

In the event that [12] converges, and in practical cases it 
generally will, it may be used to compute the expected error 
T, — f,.by plotting graphically the expected variation of 
Tigaget its time derivatives, in the region of the particular 
moment#t of interest and at time i = 0. Further, if the sys- 
tem has been in operation a sufficient time so that the transient 
term under the summation:Sign can be neglected, then an 
estimate of the error can be made from observations on the 
function 7’, and its derivatéves in the region of the time of 
interest. This method may be useful in the event that only 
one severe variation of the temperature 7’; may be expected 
(such as starting of a rocket motor). 
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The establishment of satisfactory design sdthesia for ‘the 
measurement of temperatures, where the permissible error is 
known, can be directly related to the response time of the 
instrument, which response time can be determined very 
simply under experimentally controlled conditions. The 
availability of accurate high-speed recorders for the deter- 
mination of response times of a small fraction of a second 
simplifies the procedure considerably. Furthermore, the 
determination of this response time will permit the designer to 
predict the behavior of the instrument under an extremely 
wide variety of conditions. This is very important from the 
designer’s viewpoint, inasmuch as it is generally difficult or 
impossible to try to simulate actual 


which will be met. _f 


Reference i 
1 ‘Measurement of Gas Temperatures by Immersion Type 
Instruments,” by E. F. Fiock and A. I. Dahl, Journal of the 
American Rocket Society, vol. 23, May-June 1953, pp. 155-164. 


2 Liquid J et Atomization by a Sonic 
Nitrogen Stream 


KURT R. STEHLING! and R. W. FOSTER?’ 


30° 
AP = 150 psi; Vinj = 97 in./sec AP = 100 psi; Vin; = 79 in. sec 
Fig. 2 Penetration of 0.020-in.-diam water jet at 30°, 60°, 90° 


Bell Aircraft Corporation, Buffalo, N. Y. 


a* PART of a research project on a rocket thrust chamber, 
a study was undertaken on the atomization and penetra- 
tion of liquid (water) streams injected at various velocities 30 
and angles into a sonic gas stream. © ee aa 

The apparatus (Fig. 1) consisted of a plenum chamber with @ INJECTION AT 60% TOWARD 
a tank pressure of 35 psi, exhausting through a 0.250-in. 25; SONIC NOZZLE 
orifice, yielding a well-defined sonic stream of nitrogen. 2 rhe scdcwtnanadinwel 

Water at controlled injection pressures was obtained by ~ 
pressurizing a 40-gal storage tank. Flow was controlled by a 
solenoid valve in the delivery line. A hand valve isolated 
the injection pressure gage from dynamic surges encountered 
at shutdown. 

An adjustable rack mount indexed the orifice under test at 
any desired impingement angle. The reference plane for the 
angle of impingement consisted of the axis of the gas jet. 


Received October 13, 1954. 


1 Rocket Section, Heat Transfer and Fluid Mechanics Acting 4 
Grou Leader. Mem. ARS. 

ngineering Trainee, Bell Aircraft Corporation, now at 

Purdue University, Lafayette, Ind. 75 


OP, PSI 


N 


PENETRATION, INCHES 


RK 


Fig. 3 Effect of injection pressure in liquid jet penetration 


A simple double-lens collimated beam schlieren optical 
train was used in the tests, with a 100-watt Zirconium are 
point source and a #/;-in. diam circular knife edge. All 
measurements of liquid stream penetration and dispersion 
were made visually on a calibrated Fresnel screen. Since the 
Zirconium are source was continuous, short duration flash 
photographs were not possible. The photographs shown were 
taken at f/4.5 with a '/1,00-sec focal plane shutter; they are 
illustrative only and were not used for measurements. 

The sample curves show the distance of penetration of a 
0.020-in. diam water jet, injected at 90°, 30° downstream, and 
60° upstream, toward the sonic nozzle. Figs. 2, 3 

Although the penetration was greatest at the 90° impinge- 
ment angle, the rate or amount of atomization was greater at 
the upstream ‘impingement angles and ‘seemed greatest at 
approximately 60°. Both liquid jet penetration and atomiza- 
tion were decreased with downstream impingement (away 
Fig. 1 Plenum chamber, sonic nozzle, injector, and schlieren from the sonic nozzle) until at 10° the liquid stream no 

assembly longer penetrated the sonic jet. 
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The total penetration in all cases was a linear function of 
the liquid jet velocity. No appreciable interaction occurred 
between the sonic and liquid jets until actual contact was 
made at the envelope of the sonic jet. 


The Influence of Duct Losses on Jet 


f 


HE general expression for propulsive efficiency of a jet 
device such as a ducted propeller, turbojet, or other such 
system which derives its thrust by accelerating the surround- 
ing medium, is 
2 
. 2 + (Av/v) 
where Av is the absolute wake velocity. This is the velocity 
increase given to the medium by the jet engines. It is equal 
to the relative exit jet velocity minus the forward speed. 
vis the forward speed. 

This equation is based on the one-dimensional flow theory 
in which the velocity profile of the exit jet at the nozzle is 
rectilinear and without appreciable transverse components. 
This assumption is sufficiently accurate for this analysis. 
Equation [1! indicates that as Av/v approaches zero, the 
value of 7 increases to unity. It is also evident that as Av/v 
is allowed to become smaller, the amount of the fluid medium 
passed through the jet engine must be increased to maintain 
the thrust. In view of these two facts, although it appears 
desirable to go as far as possible in the direction of decreasing 
4v/v to obtain high propulsive efficiency, there is a practical 
lower limit below which the over-all efficiency of the system is 
lowered. This is because the losses from ducting, diffusion, 
etc., attendant upon handling larger quantities of the fluid 
medium, begin to increase rapidly as Av/v becomes too small. 
Since very high values of Av/v are also associated with lowered 
efficiencies, it is apparent that there is an optimum —— of 
4v/v for each type of jet engine. 


Derivation of the Optimum Av/v 


The nature of this optimum Av/v will now be derived. It is 
assumed that a nose entrance is used or that the boundary 
layer is dumped in the case of a side entrance so that all the 
fluid medium entering has the same relative total head’ v?/2g. 
The losses associated with handling the fluid medium consist 
largely of diffuser losses, interference losses, losses due to 
additional external skin area made necessary by the presence 
of the jet engine, and duct losses. These losses can be added 
and the total related to the energy of the entering free stream, 
by the loss factor K. In other words, the effective veloc- 
ity head of the entering fluid is reduced from the free-stream 
value by a factor K so that the effective inlet head can be ex- 
pressed as 


The head of the exit jet is 
(9 + av)? 
Therefore the effective energy added per pound of fluid by the 
actuator inside the jet engine is given by [3] — [2] 
Received Jan. 22, 1954. “a” | 
' Manager, Underwater Engine Division. 
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Propulsion Devices 


Cc. A. GONGWER! 

Aerojet-General Corporation, Azusa, calif. ‘= 
Introduction 


2A Av? 2 
29 29 


where AH represents the input of energy in foot pounds per 
pound of the fluid medium necessary to produce a given 
Av/v with the losses K (v?/2g) present. 

The propulsive work per pound of the fluid medium handled 
is given by the impulse per pound, Av/g, times the forward 
speed, or 

Avy 


The effective jet propulsive efficiency as seen by the 


actuator inside the duct, be it a pump, fan, or turbo engine, is 
_ then [5] divided by [4] or 


2 
2 + (Av/v) + K(v/Av) 


The similarity between [6] and [1] is apparent. Equation 
[6] is plotted in Fig. 1 as a family of curves for different values 


AIRCRAFT PROPELLERS 


T 
MARINE PROPELLERS , DUCTED 
PumPS (SHORT DUCTS) 


Ve 


 TURBOVETS, RAMJETS 
PULSEVETS (LONG DUCTS) | 


— 


EFFECTIVE PROPULSIVE EFFICIENCY 
a 


2 4 s 1.0 1.4 
av 


Fig. 1 Effect of losses on optimum value of Av/v _ 


of K. Each curve of constant K has an optimum and the 
locus of these optima is obtained in the usual manner from [6]. 


ine —2[1 — K(v/av)?] (*): 


=0= 
v 


[2 + (Av/v) + K(v/Av)]? 


This line is also shown on Fig. 1. The optimum values of 
Av/v are seen to increase rapidly with increasing values of K, 
the loss factor. 

Analysis of the Loss Factor K 


Some of the separate losses making up K are given by 


K = Kn + Kijot+ Ket Ki ............ [8] 
Where 
Kp = inlet diffuser loss factor 7 
= ducting loss 
K, = loss due to additional external skin-area made neces~ 
sary by the presence of the jet engine 
K; = loss due to interference of the exit jet with the flow 


around the propelled craft 


All other losses inside the duct may be considered in the per- 
formance of the actuator or engine. 

Kp is computed from diffuser tests and may lie between 
0.40 and 0.10, depending upon the Mach number and the 
percentage of external diffusion. 

K,z/p fora long straight entrance duct of length Z and diame- 


ter D is dependent on the value of L/D and the fraction, M, 


of the free-stream velocity head remaining in the duct. 
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Kip = 0.02 D x M 


where 0.02 is the straight pipe friction factor. Any serious 
bends or elbows would increase the loss Kz/p markedly. 

K,, the loss from the additional external skin area made 
necessary because of the presence of the duct, is computed by 
standard methods and referred to the inlet velocity head by 
means of Equation [1] as a factor, since the external skin loss 
must be made up by jet power. If a nacelle is used on sup- 
porting struts, this loss may be large. 

K;, the jet interference loss, is appreciable only if the jet is 
located elsewhere than at the tailend of the body. 


Discussion : 


Since the losses making up K are not greatly affected by the 
scale of an engine, provided it is always similar in its different 
sizes, a given engine travels along a line of constant K in Fig. 1 
as its size, and hence Av/v is changed for a given thrust re- 
quirement. Consequently, if an engine’s operating point, 
plotted on Fig. 1, lies to the left of the line of optima, its 
performance can be improved by reducing its size and hence 
increasing the Av/v until it falls on the line of optima. Con- 
versely, if the operating point lies to the right of the line of 
optima, the engine is too small for the thrust required of it. 

The additional practical consideration of the physical size 
of the jet engine may dictate even larger values of Av/v than 
are given by the above considerations, since the larger Av/v 
becomes the smaller is the engine for the same thrust. The 
optima are rather flat at Av/v around unity and the efficiency 
may not suffer too much by substantial reductions in size. 
These considerations are separate from the scope of this 
paper, however, wherein the only concern is maximum effec- 
tive efficiency. This general discussion and the curve, Fig. 1, 
apply to propellers also. The operating points of aircraft and 
marine propellers and jet engines are indicated on Fig. 1, and 
it is seen that they fall on or near the line of optima. The 
range of Av/v in each type can be thought of as function of the 
blade aspect ratio in the case of propellers, and the length 
to diameter of the duct in the case of jet engines. 
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Performance of Ethylene Oxide asa 


Monopropellant’ 


IRVIN GLASSMAN? and JOHN E. SCOTT, JR.’ 


ap Princeton University, Princeton, N. J. 
N A recent technical note reporting the theoretical perform- 
ance of ethylene oxide as a monopropellant, Robison 
(1)* considered two possible exothermic decomposition re- 
actions. One reaction leads to the formation of CO and CH,, 
and the other to CO, Hs, and C. The first reaction gives the 
highest adiabatic flame temperature for the decomposition of 
ethylene oxide, but this reaction is not realized in practical 
rocket motors. The second reaction gives abnormally low 
results and is probably unrealistic for processes occurring in 
these units. 

Since it is very unlikely, at the temperatures observed, that 
COand CHyare the sole products of the decomposition process, 
calculations were carried out in this laboratory assuming for- 
mation of CO, CHy, COs, Oo, He, CoHy, and H,O. Using heats 
of formation, enthalpies, and equilibrium constants from 
National Bureau of Standards Circular no. 461, it was found 
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! The calculations reported in this paper were carried out in 
connection with research being performed under Contract PR- 
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Table 1 
Performance of Ethylene Oxide as a Function of Pressure 
Pe, CO CH, 
Atm 


40 
60 


(Continued) 


°K 

1288 
1300 
1306 
1312 


that the number of moles of CO:, Oo, and H.O formed were 
very small and could be neglected. Consequently, it is sug- 
gested for rocket performance comparisons that the theoretical 
decomposition reaction of ethylene oxide be chosen as 


C:H,O(1.) a CO + b CH, + He + d C:H, 


The results of these calculations for various chamber 
pressures and injection of the liquid monopropellant at 298 K 
are presented in Table 1. (The heat of formation of liquid 
ethylene oxide at 298 K was taken as —18.29 Keal/mole. 
(The heat of formation of the gas is reported by the National 
Bureau of Standards (2) as —12.19 Keal/mole, and the heat 
of vaporization is reported by Giauque and Gordon (3) as 
—6.1 Keal/mole.) In Table 1, 7, is the adiabatic tempera- 
ture of the decomposition process, c* the characteristic ex- 
haust velocity, P, the chamber pressure, 7 the ratio of mean 
specific heats of the gas mixture, M. W. the mean molecular 
weight of the gas mixture, and Jsp the specific impulse 
calculated, assuming frozen equilibrium and 1 atmosphere 
exhaust pressure. The products of decomposition are for 
one mole of reactant. It is seen that the decomposition 
reaction is not very sensitive to pressure. 

For comparison with Robison’s results (1) for the decom- 
position reaction going to CO and CH, only, a value of [sp of 
166.3 sec, which corresponds to T. = 1430 K and y = 1.161, 
was found for a pressure ratio of 20.42: 1. 


References 
1 “Ethylene Oxide as a Monopropellant,”’ by W. C. Robison, 
Jer Propu.sion, vol. 24, March-April 1954, pp. 111-112. 
2 National Bureau of Standards, “Selected Values of Chemical 
Thermodynamic Properties,’ Series I and II, March 31, 1950. 
3 “The Entropy of Ethylene Oxide,’”’ by Giauque and Gordon, 
Journal of the American Chemical Society, vol. 71, 1949, p. 2176. 
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let Propulsion News 


Jet Propulsion Progress 


BOMBERS. The Air Force officially revealed that a $100 
million a year program is being initiated to provide a super- 
sonic bomber. To be built by Convair and known as the 
XB-58 Hustler, the bomber incorporates a delta-wing design. 
Power for Hustler is said to come from high thrust turbojets 
such as the GE J-79 engine of about 15,000-lb thrust. 

The official retirement of the B-29 and end of production of 
the B-36 means increasing emphasis will be given to two of 
America’s leading jet bombers—the B-47 and the B-52. For 
@ample, an Air Force B-47 with J-47 turbojet engines has 
gmpleted 600 flight hours without engine overhaul, equiva- 
lent to flying 15 times around the world at the bomber’s speed. 
Previously the Air Force announced a 100% increase in 
(perating time between overhauls which meant that each 
8-47 could effect a saving of two engines per year. Cost of 
@ich engine is about $45,000. 

Other savings are yet to be realized, however, since a B-47’s | 
RATO take-off costs about $13,000 for 18 RATO’s operating 
for15 sec. Perhaps for this reason, Aerojet recently demon- 
rated its liquid propellant RATO for use as an integral — 
installation on the B-47. The B-47 is also proving to be a 
ist vehicle for flight testing of the P&WA J-57 turbojet 
which will be used on the B-52 and many of our advanced 
supersonic aircraft. The J-57 is rated at about 10,000-lb 
thrust. 

The first production B-52 recently made its maiden flight. 
The B-52A differs from its hand-built prototypes in featuring 
a side-by-side cockpit positions and is 156 ft long, has a span of 
185 ft, a tail height of 48 ft, and grosses 350,000 Ib. 

Three new speedy jet bombers appearing on the scene are 
Lhd the Navy Douglas A4D, the Martin B-57, and the Douglas 
sith }RB-66. The A4D, powered by a Wright J-65 Sapphire 
ess fturbojet engine of 7200-lb thrust, is a bantam-class bomber 
ng and is capable of carrying atom bombs, rockets, machine 
guns, missiles, or other weapons to suit a wide variety of 
ittack situations. Called the Skyhawk, the A4D is so small 
fest Bthat it has been designed without the folding wings tradi- 
and fitional in Navy carrier-based planes. Range and performance 

of }igures were not given. 

Improvements in the Martin B-57 light bomber also reveal 
itto be a heavily armed aircraft. Featured are a new tandem 
wating arrangement, fuselage brakes, napalm tanks, and 5-in. Martin B-57B bomber 
my FHVAR rocket installation. The bomber’s engines will be 
started by a new General Electric unit employing a solid 
teket propellant cartridge. 
The exhaust gases turn a small 
turbine wheel that is engaged 
through a clutch and thus 
tarts the main turbine. The 
RB-66 is a swift, swept-wing, 
twin-jet reconnaissance bomber 
ind has successfully completed 
its test flights in California. 


Boeing Airplane 
Production B-52A on maiden flight 


"Glenn L. Martin 


A4D Bantam jet bomber 


Douglas Aircraft 


Douglas Aircraft RB-66 bomber 


MEDITOR’S NOTE: The information reported in this Section has been selected from approved news releases originating with the Depart- 
Sapient of Defense, private manufacturers, universities, etc., and from published news accounts in journal and newspapers. The reports 
considered generally reliable, although no attempt has been made to verify them in detail. 
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FIGHTERS. Several new high-performance fighters such 
as the F-100 Super Sabre, the Convair delta-wing F-102, and 
the Grumman F9F-9 Tiber are beginning to roll off the as- 
sembly lines. North American has received a $100 million 
order for production of supersonic F-100 jet fighters. The 
planes will be manufactured at the North American plant in 
Columbus, Ohio. Power plant of the craft is the J-57, as is 
the F-102 all-weather interceptor now going through exten- 


Convair F-102 


sive flight tests. The F9F-9, powered by the J-65, has sonic 
capabilities in level flight and has a “coke bottle” fuselage 
which is necked down at the wing roots for drag suppression 
at high Mach speeds. a 

However, current production models of standard fighters 
are bristling with more armament. The Navy Chance 
Vought Cutlass F7U-3 jet fighter has a new fuselage rocket 
pack which carries 2.75-in. ‘“Mighty Mouse” air-to-air rockets. 
Although the aluminum belly pack cannot be dropped after 
firing, it can be reloaded after flight. The Northrop F-89D 
Scorpion is now equipped with 104 such rockets and is now 
guarding our frontiers at such advanced bases as Fairbanks, 
Alaska, just ten minutes jet flying time from the Arctic Circle. 


Northrop Aircraft 
Scorpion F-89D shows its rocket stingers 


Research, even on older jet models, however, is continuing. 
The Navy Bureau of Aeronautics has developed a system 
which enables jet aircraft to carry heaviér loads and land at 
slower speeds by means of boundary layer control. The new 
system bleeds air from the engine and forées it over the trailing 
edge gf.the wing, thus reducing turbuleire when the plane is 
at slow-or near stalling speeds. In testa*at Patuxent River, 
Md., the new method increased the load capacity of a F9F 
test plane by 3000 lb and reduced the normal landing speed 
by 20 knots. 

Meanwhile#two new developments are proving of interest 
on the F-84. -In one installation, NACA has demonstrated 
its new thrust reverser. The device consists of a set of 
vanes—much like curved venetian blinds which open like a 
clamshell in the tailpipe. The gases exit through vents in the 
side of the tailpipe to provide as much as 60% reverse thrust. 
It weighs about 250 Ib now but it is expected that the weight 
can be cut to 150-200 Ib in future models. A loss of about 
390 


2-3% forward power results when the blades are not used, 
In another installation, the USAF has disclosed a radical new 
fighter, the XF-84H. The plane is an experimental turbo. 
prop fighter which is equipped with an afterburner for addi- 
tional thrust. 


TRANSPORTS. The Boeing 707, a sleek four-jet transport, 
became America’s first jet transport to take to the sky. The 
550-mph craft is powered by P&WA JT3-L turbojets of 
10,000-lb thrust each. The Air Force is to get 88 of the 
190,000-lb ships to serve as high-speed jet tankers. Mean- 


mot 
while, the Douglas DC-8 jet transport, a four-jet, swept-wing J jor 
plane capable of nonstop transatlantic flight is fast approach- Jf 
ing the hardware stage, while the status of Lockheed’s jet sire 
transport, the L-193, apparently is awaiting the selection of § B 


specific jet engines to become stabilize 


Boeing 707 in the air 


However, in Britain, the prototype of the deHavilland 
Comet 3 has made its maiden flight. Four Rolls-Royce 
Avon turbojets of 10,000-lb thrust each power the craft which 
can carry up to 76 passengers, at altitudes of 38,000 to 42,000 — Ra 
ft, to distances of 2600 miles. Other British jet transports finten 
are expected to evolve from such military bombers as the engin 
delta-winged Avro Vulcan and the crescent-winged Handley 
Page Victor. 


Avro Vulcan 


France’s first jet transport, the SNCASE SE 210 Caravelle 
is soon scheduled to make its maiden flight. The Caravelle |. 
features two jet engines in nacelles on either side of the fuse [°8!"¢ 
lage just forward of the tail. This location will reduce cabin tec 
noise and will allow the swept wings to be built with optimum ["° h 
aerodynamic characteristics. The Hurel-Dubois HD-45 jet PP" 


transport, also French, apparently is still in the drawing- * 
board stage. nner 
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JET ENGINES. There has been considerable activity in 
developing a light-weight gas turbine engine for automotive 
ses. To date there have been four such small engines 
developed in the United States. These are by Boeing Air- 
plane Company, Chrysler Corporation, General Electric Com- 
y, and the General Motors Corporation. A fifth com- 
pany, the Continental Engine and Aviation Corporation has 
heen actively developing small gas turbines for aviation pur- 
However, only the Boeing, Chrysler, and General 
Motors jet engines are known to have been placed in an auto- 
motive vehicle. Several other small turbojets are being used 
for accessory drives, such as the Solar Aircraft Company 
“Mars” 50-hp gas turbine engine used as a starter for turbojet 
aircraft. 

Boeing’s engine, the Model 502-10, produces a maximum of 
270 hp and has a normal rating of 240 hp. The engine 
weighs 245 lb dry (320 lb with accessories such as lube system 
and engine mounts) and can operate on almost any type of 
fuel without modification. Present installation requires 
about 15 cu ft. Fuel consumption for the engine (which 
operates at 2900-3100 rpm) is about 1 lb/hp/hr. The 
engines have experienced some 30,000 hr of operation, which 
includes 60,000 mi logged by the first gas-turbine-powered 
tuck, and more than 100 hr powering the Kaman K-25 jet 
helicopter. Over 300 engines have been built at the Seattle, 
Wash., plant. 


Boeing Airplane 
Model 502-10 gas turbine engine 
Early in 1953 General Motors began its Firebird Project 


intended to gain experience in the operation of a gas turbine 
engine for an automobile. In the Firebird GT-302 Whirlfire 


Firebird and Turbocruiser 


‘gine, air is drawn into two burners, mixed with fuel, and 
mited. After initial ignition, combustion is continuous. 

e hot exhaust gases turn a turbine which drives the intake 
mpressor. This section is known as the gasifier. The hot 
uses leave the gasifier and turn the power turbine which is not 
wnnected to the gasifier turbine; the two turbines rotate in 


opposite directions and therefore torque is lessened. The 
power turbine is connected by a shaft with the transmission 
gears. Gases from the power section are exhausted directly 
to the atmosphere. The GM gas turbine engine has had over 
1000 hr of laboratory dynamometer tests and over 2500 mi. 
of experimental driving in the Firebird and in a bus mount— 
the Turbocruiser. Specifications of the GT-302 include: 
weight (including transmission and final drive): 775 lb; 
max. power: 370 hp; gasifier turbine speed (at idle): 8000 
rpm; at maximum: 26,000 rpm; operating temp.: 1500 F; 
startup time is 20 sec. 


LOW TEMPERATURE, REGENERATOR LOW PRESSURE 
LOW PRESSURE / ae [ HOT GASES 
EXHAUST 
GASES 
J 
HIGH PRESSURE AIR i 
SPARK PLUG > 
(FOR STARTING ONLY) a 
| HIGH TEMPERATURE, 
HIGH PRESSURE GASES 
POWER 
AIR TO 
18t STAGE TURBINE. WHEELS 
(ORIVES COMPRESSOR) = 
COMPRESSOR 
( ORIVES Can) 


Chrysler Corp. 
Diagram of Chrysler gas turbine 


After World War II, Chrysler began work on a regenerative 
gas turbine. In this system, exhaust gases heat incoming 
air, thus lowering the final exhaust gas temperature and in- 
creasing fuel economy. Early this year the company un- 
veiled its turbine in a conventional automobile. The engine 
is rated at 120 shaft hp, but can deliver power to the wheels 
comparable to a 160-hp piston engine. Together with reduc- 
tion gears, the engine is only 32 in. long, 33 in. wide, and 28 
in. high, and is 200 Ib lighter and has less than one-fifth as 
many major moving parts as a piston engine of similar power. 
In recent road tests, the Chrysler gas turbine installed in a 
standard production Plymouth averaged 14.9-mpg fuel con- 
sumption at a highway speed of 40 mph. The engine has an 
air compressor unit, a first-stage turbine which drives the 
compressor and furnishes power for the accessories; the re- 
generator which recovers heat from the exhaust gas to warm 
up incoming fresh air; the burner or combustion chamber; 
and a second-stage turbine, which transmits power to the 
differential and rear wheels by means of reduction gears. 

The General Electric light-weight gas turbine engine is 
called the XT-58. Only details released indicate that it is 
comparable in size to a conventional automobile but having 
6 to 8 times the power. The engine is slated for helicopter 
applications. 

The advantages of present automotive gas turbines are: 
simple construction, ability to operate on many fuels, high 
power-to-weight ratio, and a far greater horsepower potential 
than the conventional piston engine. Present disadvantages, 
such as high fuel consumption, high noise levels, and high 
operating temperatures, are gradually being brought into 
line with the piston engine. Some optimistic engineers are 
even venturing to predict that the gas turbine powered auto- 
mobile will be rolling off Detroit assembly lines in ten years. 

Three foreign jet engine developments have also proved of 
interest in the aviation field. Aerojet-General recently 
demonstrated its thrust reverser, developed from the French 
SNECMA unit. Providing up to 50% reverse thrust, the 
unit retracts when not in use and causes no loss in normal 
positive thrust. A new Rolls-Royce turbojet engine is the 
1810-lb thrust “Soar.’”’ Measuring 15.75-in. diam and 62.75 
in. long, the engine tips the scale at only 267 lb. Meanwhile, 
a powerful French turbojet has completed successful static 
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Qualification Under 
Environmental Conditions! 


| YOUR GUARANTEE 
that your product 

will meet all 

| SERVICE REQUIREMENTS 


The prime purpose of General Testing Laboratories is to provide Acrojet-Genen 90 
@ complete service in the field of environmental testing. Our re- 
| liability record is attested to by our many customers who con- Aerojet-SNECMA thrust reverser 
tinvally receive accurate and dependable test data relative to 
their product's performance under all possible combinatiens of 
anticipated service conditions. | tests. This is the Vulcan engine (by SNECMA) which de- k 
The services of General Testing Laboratories are divided into two velops 12,000-lb thrust dry and weighs 3100 Ib. 
basic categories, namely research and development testing, and bei 
complete qualification (type or brand approval) testing. Research | @ Cer 
and development tests are performed to your exact specifications. ) 
All test data and evaluations of any product are kept in strict Upper Atmosphere Research ; 
confidence and become the property of the customer. A certified blo 
test report is provided with each project. ROJECT Skyhook balloons are to be launched in Canada § Air 
Write for Illustrated Brochure. by the U. S. Office of Naval Research. Purpose of the ex- slo 
perimental launchings is to collect data regarding the form of § me: 
GENERAL TESTING LABORATORIES the energy spectrum of particles near the low energy “‘cut-off” Fise 
é for heavy particle primary radiation. isa 
Telephone ELliott 8-0168 Photographs of the total solar eclipse were made on June § Wo 


227 WEST CHESTNUT, MONROVIA, CALIFORNIA 30 by a Navy jet plane in the Minneapolis, Minn., area at an § 17 
| altitude of about 50,000 ft where the atmosphere is relatively J Pra 
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clean and free from haze, cloud formations, dust, and water 
vapor. The McDonnell F2H-2P photographic jet was armed 
with a K-38 camera of 36-in. focal length and two movie 
cameras. Meanwhile, the Office of Naval Research in co- 
operation with Winzen Research, Inc., also photographed the 
solar eclipse at altitudes of 40,000-70,000 ft from a Skyhook 
balloon. 

Two new altitude records were set recently. A USAF Air 
Weather Service balloon reached an altitude of 26 miles in a 
recent test at Holloman AFB, N. Mex. Previous runs, for 
charting upper-air conditions for guided missile research, 
have averaged over 22 miles. A Navy Skyhook balloon set a 
117,000-ft mark while carrying 50 lb of instruments for cosmic 
ray investigations. 

A new high-altitude record for manned flight was believed 
set recently over Edwards AFB, Calif., when the Bell X-1A 
rocket plane was piloted by Major Arthur Murray to the 


90,000-ft level. 


OUR new direction finding stations located in Dominican 

Republic, Puerto Rico, Santa Lucia, and Ascension Island 
being placed in operation for use with the USAF Missile Test 
Center at Cocoa, Fla. 

North American Aviation is constructing a $4.5 million 
blow-down wind tunnel near the Los Angeles International 
Airport. The tunnel will be capable of testing at speeds 
slower, equal, and faster than sound. The working section 
measures 17 ft long and has a 4-ft square area. Completion 
isexpected in 1956. Also slated for construction in this area 
isa new $1.75 million office and laboratory for the Ramo- 
Wooldridge Corp., electronics and guided missile firm. 

Two new facilities are being established on the East Coast. 
Pratt and Whitney Aircraft will expand to a new atomic- 


energy aircraft engine facility at South Windsor, Conn., as 
part of its Air Force and Atomic Energy Commission program. 
The Republic Aviation Corp. has purchased the modern 
424,000-sq ft building formerly owned and operated by the 
Fairchild Engine Division at Farmingdale, N. Y. The new 
unit will provide space for engineering operations and is also 
to be used to consolidate development work now being carried 
out elsewhere. 


Instruments and Materials 


TUDIES of combustion, corona-discharge, explosions, 
plastic and elastic deformation, and shock-wave phe- 
nomena can be made with the Beckman & Whitley Framing 
Camera which can take 25 pictures at framing frequencies up 
to 2.4 million per sec. 
The Oerlikon Tool & Arms Corp. of America has developed 


anew electronic-optical missile tracking system capable of an 
7 accuracy of 0.1 mil at ranges of 3000-100,000 ft. 


A chemical milling process has been developed by North 
American Aviation for precision milling of aircraft and guided 
missile parts without machining. The chemical method re- 
moves unwanted metal from complex or fragile parts at a 
fraction of the cost of conventional milling. The portion to 
be removed is exposed while the remainder is masked. The 
entire part is submerged in an etching solution. Most of the 
present work has been with aluminum but work is progressing 
for techniques for use on steel, stainless steel, titanium, and 
other metals. 

The Yardley Electric Corp. has introduced a silver-zine 
battery, the Silvercel, to the jet aircraft field. Capable of 
starting a turbojet ten times on less than one half of its ca- 
pacity, the new battery has a unit output five times greater 
than conventional storage batteries. It is already finding 
wide usage in guided missiles. 


PROJECT ENGIVERR 


for 


Coordination of Solid Propellant Development 


An attractive opportunity for the man 
j who can qualify: 


1. degree in chemical engineering from an accred- 
ited school 


2. minimum of 5 years’ industrial experience or 
equivalent 


some recent experience with solid propellants 


4. proven leadership and report writing ability 


Expanding division of firm engaged in develop- 
ment and pilot line production of solid propellants 
for boosters, jatos, rockets, and gas generators. 


Initial reply should include qualifications and 


salary requirements. 


Thiokol Chemical 
Elkton Division 

Elkton, Maryland 
Attn: Mr. D. W. Kershner 
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do you need? / 


new MPB catalog 53-54 


Most complete ever 


offered on miniature ball bearings 


e Complete specifications - 140 different types and sizes 

e Bearings from 1/10” to 3/8” o.d. shown in actual sizes 
e Speed-load charts with conversion factor 

e Lubrication- government specifications, commercial sources 
e Recommended shaft, housing fits; shaft, shoulder data 

e Radial and axial clearance graphs 

e Typical methods of using miniature ball bearings 


For the designer of precision mechanisms 
this new 20 page MPB catalog offers practical 
solutions of problems involving miniaturiza- 
tion. MPB has compiled for you the most com- 
plete and detailed information ever offered 
on this subject. Request the new MPB catalog 
53-54 on your letterhead .. . it may help 
develop a new product idea for you. 
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G.E.’s decade of guided missile progress is symbolized 
by one of the missiles designed and developed for the Depart- 
ment of the Army by General Electric being readied in the early 
morning for flight test at the White Sands Proving Ground. 


GENERAL @ ELECTRIC 


How G.E.’s decade of guided missile 
pprogress can aid your missile project 


Starting on November 15, 1944, General Electric scientists, 
flowing on the heels of our advancing armies, began a study 
German rocket development. Since that date, G-E engi- 
ers and scientists, working closely with the Army Ord- 

ce Corps, have obtained much guided missile experience. 


This experience is available to aid your missile project. 
Having participated in all phases of guided missile develop- 
ment and production, General Electric is well equipped to 
handle any missile problem. G.E.’s range of experience in- 
cludes—Propulsion—Guidance—Systems Test—Air Frame. 


GUIDANCE General Electric's 
contributions in programmed, radio 
and inertial guidance have helped 


PROPULSION The highest specific impulse in the history of rocket flight was obtained by a G-E Industry provide our Armed Serv- 


designed rocket engine—a preview of more powerful rocket engines for the guided missiles of the future. 


ices with reliable guidance systems. 


AIR FRAME Problems in fly- 
ing at record speed of 5,000 mph 
and record a!titude of 250 miles 
were encountered in Project Bumper, 


SYSTEMS TEST Over one hundred surface-to-surface missiles, designed for guided missile research where a Wac Corporal rocket was 


and development, have been flight tested by General Electric personnel for the Army Ordnance Corps. 


“‘bumped” from a V-2 in full flight. 


For detailed information on how G.E.’s experience in complete guided missile systems as well as sub-system develop- 
Ment and production can aid your missile project, contact your nearest G-E Apparatus Sales Office. Section 224-2, General 


Electric Company, Schenectady 5, N. Y. 
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Nov. 30-Dec. 2 


INE technical sessions, including a 
Space Flight Symposium to be chair- 
manned by Milton Rosen, Head of the 
Rocket Development Branch at the Naval 
Research Laboratory, will feature the 
Ninth Annual ARS Convention at the 
Hotel McAlpin in New York from Tues- 
day through Thursday, Nov. 30—Dec. 2. 
Climaxing the meeting will be the 
Honors Night Dinner on Thursday even- 
ing, Dec. 2, at which the principal speaker 
will be Major General Leslie E. Simon, 
Chief of Research and Development for 
U.S. Army Ordnance. 
The complete tentative program is as 
follows: 


TUESDAY, NOVEMBER 30 


9:00 A.M. Registration 
9:30 A.M. Business Meeting 
12:00 Noon Section Luncheon ; 
2:30 P.M. Session 1-A ‘ 
CHEMICAL 


Chairman: C. F. Warner, Purdue University, 
Lafayette, Ind. 
Vice-Chairman: A. G. Lundquist, O.N.R. 


On the Thermal Decomposition of Nitro- 
methane—K. H. Mueller, Aerojet-General 
Corp., Azusa, Calif. (150-54) 

Hydrazine Logistics—D. W. Ryker, Matholin 
Corp., Baltimore, Md. (152-54) 

Newer Techniques in High Pressure H2O> 
Transfer—N. S. Davis, Jr., R. Bloom, 
Becco Chemical Division, Buffalo, N. Y. 


(174-54) 
2:30 P.M. Session 1-B 
COMBUSTION 
Chairman: Lowell Miller, North American 


Aviation, Inc. 
Vice-Chairman: B. Gammon, Lewis Flight 
Propulsion Lab., NACA, Cleveland, O. 


Combustion in Turbulent Streams—W. Berl, 
J. Rice, P. Rosen, Johns Hopkins Uni- 
versity, Baltimore, Md. (155-54) 

The Structure and Propagation Characteris- 
tics of Turbulent Flames in High Speed 
Flow—M. Summerfield, S. Reiter, V. 
Kebely, R. Mascolo, Princeton University, 
Princeton, N. J. (156-54) 

Incipient Flame Propagation in a Turbulent 
Stream—H. Olsen, E. Gayhart, Johns 
eo University, Baltimore, Md. (158- 

4) 

The Effects of an Opposing Jet on Flame 
Stability—Allan Schaffer and Ali Bulent 
Cambel, Northwestern University, Evan- 
ston, Ill. (182-54) 


WEDNESDAY, DECEMBER 1 
9:30 A.M. Session 11-B 
TESTING 


Chairman: R. W. Mayer, General Electric 
Co., Schenectady, N. Y. 

Vice-chairman: Walter Kleczek, General Elec- 
tric Co. 


A Versatile Ignition Delay Tester for Self- 
Igniting Rocket Propellants—M. A. Pino, 


California Research Corp., Richmond, 
Calif. (159-54) 
Methods for Environmental Testing of 


Rocket Engines—E. Harslem, L. Muller, 
Reaction Motors, Inc., Rockaway, N. J. 
(161-54) 


33 Papers, Space Flight Symposium, Honors Night — 
Dinner to Highlight Ninth Annual Convention, —_—- 


Track Borne Test Vehicles—D. Arenson, 
Cook Research Lab., Cook Electric Co., 
Skokie, Ill. (169-54) 

Supersonic Component Test Missile—D. 
Arenson, Cook Research Lab., Cook Elec- 
tric Company, Skokie, Ill. (170-54) 

9:30 A.M. Session 11-C 
DEsIGN 


Chairman: John Sloop, Lewis Flight Propul- 
sion Lab., NACA, Cleveland, O. 

Vice-Chairman: A. O. Tischler, Lewis Flight 
Propulsion Lab., NACA, Cleveland, O. 


Some New Aspects of Liquid Bipropellant 
Rocket Engine Design—H. Jansen, Bell 
Aircraft Corporation, Buffalo, N. Y. (165- 
54) 

Effects of Ambient Pressure Oscillation on 
the Disintegration and Dispersion of a 
Liquid Jet—C. C. Miesse, Aerojet-General 
Corp., Azusa, Calif. 

Rocket Simplification with Multi-Function 
Components—B. Ellis, Reaction Motors, 
Inc., Rockaway, N. J. (168-54) 

Flow Separation in Supersonic Nozzles— 
J. W. Drebinger, J. O. Crum, Hughes 
Aircraft Company, Culver City, Calif. 
(164-54) 


2:30 P.M. Session 111-B 
Rockets 
Chairman: Dwight Gunder, Cornell Uni- 


versity, Ithaca, 
Vice-Chairman: Robertson Youngquist, Re- 
action Motors, Inc., Rockaway, N. J. 
Supersonic Research Sleds and Track 
Facilities—F. W. Thiele, North American 
Aviation, Inc., Downey, Calif. (172-54) 
Development of a Stabilization System for 
the Viking Rocket—N. E. Felt, Jr., Glenn 
L. Martin Co., Baltimore, Md. (171-54) 
Performance Analysis of Short-Range High 
Velocity Ballistic Rockets—W. O. Ber- 
green, L. M. Miller, North American 
Aviation, Inc., Downey, Calif. (173-54) 
The Pogo Radar Target—G. Moore, Physical 


Science Lab., State College, N. Mex. 
(154-54) 
2:30 P.M. Session 111-C 
DESIGN 
Chairman: John Youngquist, Glenn L. 
Martin Co., Baltimore, Md. 
Vice-Chairman: John deNike, Glenn L. 


Martin Co., Baltimore, Md. 


General Enthalpy - Temperature - Entropy 
Diagram for Gases and Mixtures Thereof 
and Some Applications in Rocket Thermo- 
dynamic Calculations—W. C. Noeggerath, 
Lockheed Aircraft Corp., Van Nuys, Calif. 
(175-54) 

Determination of Transient Temperatures 
and Heat Transfer at a Gas-Metal Inter- 
face Applied to a 40 mm. Gun Barrel—W. 
ae, Detroit Controls, Redwood City, 

‘alif. 

A Program for Vibration Control—B. Levine, 
G. Christopher, General Electric Com- 
pany, Schenectady, N. Y. (179-54) 

Static Seals for Missile Applications—R. R. 
Ashmead, North American Aviation, Inc., 
Downey, Calif. (178-54) 

Static Seal for Low Temperature Fluids— 
S. E. Logan, General Electric Co., Ince., 
Schenectady, N. Y. (176-54) 


THURSDAY, DECEMBER 2 


9:30 A.M. Session IV-B 
COMBUSTION 
Chairman: Martin Summerfield, Princeton 


University, Princeton, N. J. 
Vice-Chairman: Ernest Mayer, Arde Asso- 


ciates, Newark, N. J. 
Rocket Motor Instability Studies—K. Ber- 
man, S. Cheney, Jr., General Electric 
Company, Schenectady, N. Y. 


(180-54) 


A Monograph on the Problem of Combustion 

Instability in Liquid-Propellant Rocket 
Motors—C. C. Ross, P. Datner, Aerojet. 
General Corp., Azusa, Calif. (181-54) 

The Influence of Turbulence on Flame 
Propagation Rates—R. E. Bolz, H. Bur. 
lage, Jr., Case Institute, Cleveland, 0 


(153-54) 
9:30 A.M. Session IV-C 
Space FLIGHT 
Chairman: Morton Gerla. W. L. Maxson 
Corp., New York, N. Y. 
Vice-Chairman: Oscar E. Holt, W. L. Max 


son Corp., New York, N. Y 


The Incremental-Step Rocket in Free 
Space—H. R. Wablin, Bell Aircraft ( orp., 
Buffalo, N. Y. (184-54) 

Preliminary Design Study of a Three-Stage 
Satellite Ferry Rocket Vehicle with Pi- 
loted Recoverable Stages—D. Romick, 
J. Van Pelt, R. Knight, Goodyear Aircraft 
Corp., Akron, O. (186-54) 

High Altitude Launching of a Small Orbital 
Vehicle—K. Stehling, Bell Aircraft orp. 
Buffalo, N. Y. (187-54) 


2:30 P.M. Session V 
Space SyMposiuM 


Chairman: Milton Rosen, Naval Research 
Laboratory, Washington, 
Vice-Chairman: Richard B. Snodgrass, Naval 


Research Laboratory, Washington, D. C. 


Instrumentation for Space Vehicles— George 
Hoover, Office of Naval Research, 
Washington, D. C. (157-54) 

Orbits and Lifetimes of Minimum Satellites— 
S. Fred Singer, Univ. of Maryland, College 
Park, Md. (160-54) 

Importance of Mixture Ratio Control for 
Reichel, Bell Aircraft Corp., Buffalo, N 

Geodetic Triangulation From an Unmanned 
Orbital Vehicle by Means of Satellite 
Search Technique—Clyde W. 
White Sands Proving Ground, N. Mex. 
(166-54) 

Logistic Aspects of Orbital Supply Systems— 
Wernher von Braun, Redstone Arsenal, 
Huntsville, Ala. (185-54) 


7:00 P.M. 
Honors Nicut DINNER 


Chairman: Andrew G. Haley, President ARS 
Speaker: Major Gen. Leslie E. Simon, Chief 
of Research & Development, U. S. Army 

Ordnance, Washington, D. C. 

Subject: An Appraisal of Postwar Advances 
in Missiles. 
Awards: 

Robert H. Goddard Memorial Award 
to A. M. O. Smith, Douglas Aircraft Co 
El Calif. 

N. Hickman Award to H. W. Ritch 
Thiokel Chemical Corp., Huntsville, Ala 

G. Edward Pendray Award to Mart 

Summerfield, Princeton University, Princeton, 


‘James H. W: yld Memorial Award to Milton 
Rosen, Naval Research Laboratory, Wash- 
ington, D.C. 

Astronautics Award to Theodore von Kar- 
man, Advisory Group for Aeronautical Re 
search & Development, NATO, Paris, 
France. 

Fellow Members: 

S. K. Hoffman, North American Aviation, 
Inc., Downey, Calif. 

Lawrence D. Bell, Bell 
Buffalo, N. Y. 

E. N. Hall, USAF, Western Procurement 
District, Inglewood, Calif. 

Clyde Tombaugh, White Sands Proving 
Ground, N. Mex. 

Elmer Wheaton, Douglas Aircraft Corp. 
Santa Monica, Calif. 

A. C. Slade, American Rocket Society, 
New York. 

K. J. Bossart, Convair, San Diego, Calif. 

L. D. White, ‘General Electric Co., White 
Sands Proving Ground, N. Mex. 


Aircraft Corp. 
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IRTUALLY every rocket and guided 

missile activity in the United States, 
and several from foreign countries, were 
represented among the 300 registrants at 
the ARS Fall Meeting, Sept. 22-24, at El 
Paso-White Sands Proving Ground. 

Host for the meeting—first Fall gather- 
ing of ARS ever staged—was the New 
Mexico-West Texas Section. Four tech- 
nical sessions, held at the Hilton Hotel in 
El Paso, produced stimulating discussion 
en such subjects as missile reliability and 
testing, rocket motor design, cosmic rays, 
space medicine, and rocket test sleds. 

On the final day of the meeting four 
busloads of ARS members and guests were 
taken on a tour of White Sands Proving 
Ground. Feature of the tour was the wit- 
nessing of the firing of a large lox-alcohol 
rocket engine for undisclosed thrust on the 
500,000-lb static test stand. Duration of 
firing (above) was 110 sec. 

At the close of the technical sessions on 
Thursday evening, Sept. 23, a banquet 
was held. The principal speaker, Brig. 
Gen. W. L. Bell, Commanding General of 
WSPG, gave listeners a preview of the 
next day’s tour of the famed missile test 


tive secretary 
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S members and guests, seated a quarter mile away from 


Rocket Firings, Missile Sessions Feature 
El Paso- White Sands Meeting =f 


At the El Paso-White Sands meeting. Posed under Nike missile 
in Hilton lobby are (left to right): E. E. Francisco, NM-WT 
Board chairman; A. G. Haley, ARS president; F. L. Koen, NM- 
WT president; Ed Brown, NM-WT vice-president; G. H. 
Stine, NM-WT secretary-treasurer; J. J. Harford, ARS execu- 


center and showed a film, declassified for 
the occasion, “An Introduction to White 
Sands Proving Ground.” 

Toastmaster of the banquet, ARS Presi- 
dent Andrew G. Haley, expressed gratitude 
to the New Mexico-West Texas Section for 
the fine effort put into the organizaton of 
the meeting. Particular appreciation was 
bestowed upon New Mexico-West Texas 
president Frank L. Koen; board chairman 
Edward Francisco, supervisor of the 
WSPG tour and founder of the NM-WT 
Section; H. L. Karsch; meeting chairman 
A. T. Finney; and secretary-treasurer G. 
Harry Stine. 

In addition to the large rocket firing, the 
tour of WSPG included the witnessing of 
a 25-see firing on the 100,000-Ilb test stand 
of © red fuming nitric acid-aniline engine; 
inspection of camera and radar stations; 
inspection of the Aerobee, Viking, Cor- 
poral, Honest John, and Nike missiles and 
launching facilities; and explanation of 
the missile flight safety program which in- 
sures that test “birds” will stay within the 
range of the proving ground. A barbecue 
luncheon was then served at the officers 
club. 


the 500,000-Ib test stand (rigit), watch the 110-sec firing of large rocket 


Following is a brief summary of the 
papers presented at the sessions: 


Generation of High Gas Pressure Through 
Hydraulics (136-54). H. Halperin of 
Greer Hydraulics, Inc., Jamaica, N. Y., gave 
details of a portable pressure booster for 
maintaining a minimum of 6000 psi pressure 
on missile systems during fueling. 

Test Procedures vs. Test Instruments (137- 
54). Robert Lucas of Bell Aircraft Corp., 
Holloman Air Force Base, N. Mex., outlined 
a philosophy which he felt should be applied 
to the missile industry. It accents the need 
for distinguishing between where test pro- 
cedures should apply and where test equip- 
ment should apply in a missile system. 

Use of Rockets for Cosmic Ray Research 
(138-54). R. E. McDaniel of WSPG de- 
scribed the study of cosmic rays above the 
earth’s atmosphere by the exposure of nu- 
clear emulsions in rockets flown at WSPG. 

Review of Biological Effects of Subgravity 
and Zero-Gravity (139-54). D.G. Simons of 
Holloman Air Development Center told of 
experiments with animals and humans which 
give evidence of disorientation and disco-or- 
dination due to exposure to subgravity and 
zero-gravity conditions. He cited the im- 
portant function which the vestibular ap- 
paratus has in controlling physiological and 
psychological responses to such exposure. 

Rocket Sleds as Biological Test Vehicles 
(141-54). John P. Stapp of Holloman re- 
viewed a series of 215 experiments on sleds 
propelled by solid propellant rockets along a 
railroad track. Humans, chimpanzees and 
anthropomorphic dummies are the subjects 
studied during subjection to windblast, 
tumbling and prolonged deceleration. 


Former Peenemunde scientists reuniting at meeting are (left 

to right): Krafft A. Ehricke, Gerhardt Eber, John Gelb, Heinrich 

Schultze, Kurt Steinhoff, Helmut Horn, and Konrad Dannen- 

berg. Ehricke is at Bell Aircraft; Gelb is a Cleveland con- 

sultant; Dannenberg is at Redstone Arsenal; Horn at WSPG; 
others are from Holloman 
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Three of the authors converse after session at El Paso-White 
Sands meeting. They are Col. John P. Stapp, Robert Lucas, 
and Major D. G. Simons 


Free Flight Determination of Missile En- 
vironment Generated by Solid Propellant 
Motors (140-54). H. Gumbel of the U. S. 
Naval Air Missile Test Center, Point Mugu, 
Calif., analyzed the advantages of free flight 
testing and pointed out methods for deter- 
mining the vibratory forces created by the 
burning of solid propellant motors. He also 
discussed the design of an instrumentation 
package which can transmit test information 
at frequencies up to 20,000 eps. 

Radar and Guided Missiles (143-54). W. 
Hiltz of Holloman provided a general résumé 
of the principles and techniques used in ap- 
plying radar to guided missile systems for 
providing positioning information and for 
linking the missile to a ground control sys- 
tem. 

Ascent of Orbital Vehicles, and On the 
Mechanics of Descent to a Celestial Body 
(146-54). In the first of these two papers by 
Krafft A. Ehricke of Bell Aircraft Corp., of 
Buffalo, N. Y., the ascent into a satellite 
orbit along a minimum energy ellipse was 
compared to ascent along an elliptic trajec- 
tory. Conclusion is that more powerful 
stages would be required if a ballistic ascent 
is used. 

The second paper dealt with descent which 
does not follow great circle flight; pointed 
out the difficulties encountered; then showed 
how compensating steps can be taken. 

General Considerations in Missile Evalua- 
tion (147-54). R. Weller of USNAMTC, 
Point Mugu, outlined the problems en- 
countered at guided missile test ranges in 
connection with missile evaluation, such as: 
investigation of missile reliability, require- 
ments for adequate ground testing, planning 
of experimental programs, the significance of 
data, and the necessity for detailed measure- 
ment of flight conditions and their simulation 
in the laboratory. 

System Simulation for Missile Evaluation 
(148-54). Using a hypothetical missile, John 
H. McLeod, Jr., of USNAMTC, Point Mugu, 
showed how laboratory simulation before 
flight test can determine “‘sensitive’’ parame- 
ters in which small variations in tolerances 
can significantly change system performances. 
Laboratory simulation is also employed after 
flight test to interpolate or extrapolate sys- 
tem performance to conditions other than 
those of the test involved, or to reconstruct 
the operation so as to reproduce symptoms 
and explain the behavior of expended com- 
ponents. 

Reliability in Guided Missiles (149-54). 
Citing experiences with the V-2, the Viking, 
and the Bumper rockets, R. P. Haviland of 
General Electric, Key West, Fla., launched a 
discussion of general steps and procedures re- 
quired to produce optimum reliability in 
components and missiles. 

Rocket Motor Design Principles (144-54). 
Robert Gordon of Aerojet-General Corp., 
Azusa, Calif., conceived a motor of infinite 
thrust as a means of establishing design 
parameters for large thrust units. 

Reliability Concepts and Methods in the 
Evaluation and Improvement of Guided Mis- 
sile Systems (preprint not available.) J. R. 
Duffett of WSPG contrasted reliability prob- 


ia 


lems of piloted aircraft to those of guided 
missiles. 

A Feasible Method of Tracking Orbital 
Vehicles (preprint not available). Clyde W. 
Tombaugh of WSPG described his ‘tracking 
Schmidt’’ optical device which can photo- 
graph a V-2 at a distance equal to that of the 
moon from the earth. Used in Tombaugh’s 
satellite search program, the unit has an 8!/2- 
in. aperture and a 13-in. focal length. 


How to Beat the 
Engineer Shortage 

HE rapidly expanding rocket and jet 

propulsion field is probably suffering 
more than any other from an insufficiency 
of qualified scientists and engineers. 
That’s why the efficient utilization of avail- 
able talent is so important, and why the 
New York Section chose to devote its June 
25 meeting to a panel discussion: ‘The 
Administration of Technical Projects.” 

On the panel, moderated by Harry B. 
Horne, executive vice-president of Wallace 
Aviation Corp., Wallingford, Conn., were 
D. B. Clark, Manager of Advanced Design 
at Wright Aeronautical Div., Curtiss- 
Wright Corp., Wood Ridge, N. J.; EZ. M. 
Fettes, Chief of Research and Development 
at Thiokol Chemica! Corp., Trenton, N. J.; 
R. L. Graupe, Chief Project Engineer, De- 
velopment, at Fairchild Engine & Airplane 
Corp., Engine Div., Farmingdale, N. Y.; 
and J. P. Layton, Chief Jet Propulsion En- 
gineer, James Forrestal Research Center, 
Princeton University, Princeton, N. J. 

In spite of the diverse backgrounds of 
the panelists, basic agreement was obvious 
on methods of getting good administra- 
tion. 

Major points brought out were: 
* Project engineers should participate 
strongly in getting contracts—in defining 
the jobs, estimating costs and man-hours 
and even in direct selling in some cases— 
in order to develop their management 
sense. 
* Good administration is possible in all 
forms of organization of projects—line, 
line-and-staff, specialist grouping, and 
project team. 
* The line system offers quick results if 
manpower and money are plentiful, but 
should not continue beyond the initial 
phases of the project, otherwise it causes 
“empire-building.”’ 
* Line-and-staff organization is cheaper 
in dollars and man-hours but takes longer 
in elapsed time to complete the project. 
* Good budget control helps prevent the 


Presenting award to ARS President Haley, on behalf of IAF, 
is Franco Fiorio, assistant air attaché of the Italian Embassy, 
Brig. Gen. W. L. Bell, main speaker at the dinner, looks on. 


problem of excessive test pieces, free 
samples or other extra work for sales pur- 
poses by showing management the cost 
of such work. It also eliminates excessive 
side-road explorations. 

Some of the interesting remarks made 
during the discussion were: 
Graupe: “Some managements, becuse 
of poor planning, dump a project in the lap 
of the Chief Engineer, and he has to figure 
out who he can swipe from another project 
to do the job.” 
Layton: ‘Most organizations need more 
meticulous planning—even of fundamental 
research. If professors would only under- 
stand that we’re not after their academic 
freedom, simply a schedule.” 
Clark: ‘Projects should be set up as re- 
alistic targets—a balance between the con- 
servatism of the project engineer and the 
optimism of the salesman.”’ 

The panel was organized by C. W. Chill- 
son, Program Chairman of the Section. 


1955, ARS 25th Year, 

May See Seven Meetings 
EXT vear will mark the 25th anniver- 
sary of the founding of the AMERICAN 

Rocket Soctety and will be featured by a 

program which may include participation 

in seven national and international meet- 


ings. Scheduled are the following: 

Jan. 24-28 New York All-day session on 
JATO at IAS 
Annual Meeting 

Apr. 18-22 Baltimore Three sessions at 
ASME - ARS 
Spring Meeting 

Nov. 13-18 Chicago Tenth Annual 


Convention 


It is also probable that the Society will 
participate in the ASME Semi-Annual 
Meeting in Boston, June 19-23; in a 
Combustion Meeting at Northwestern 
University, Evanston, IIl., in late August; 
and that a three-day Fall Meeting, similar 
to this year’s E] Paso-White Sands Prov- 
ing Ground gathering, will be held some- 
time in September. 

The Sixth IAF Congress will be held in 
Copenhagen, probably in August. 

Papers, or abstracts of proposed papers, 
for any of these meetings (except the 
January one, the program for which is 
complete) should be sent to the National 
Office at least four months prior to the 
meeting date. 


JET PROPULSION 


are: 


ae & 
m 
of 
wi 
ac 
ce 
th 
f 
me 
U 
Li 
Ar 
tre 
wa 
str 
dit 
du 
we 
US 
cla 
ser 
= lov 
x tor 
Ch 
tro 
Aft 
the 
pel 
elu 
ing 
NA 
anc 
a, SN 
infc 
nev 
| C 
NR 
of t 
Vik 
at 
Sta: 
tho: 
: rem 
P 
and 
pres 
tary 
: Nat 
ert 
Jr., 
Airy 
the 


Section Doings 


Central Texas. Officers of this newly 
formed Section, which received its charter 
from President Haley in September, are 
Barnet R. Adelman, president, and R. C. 
Terry, secretary, both of Phillips Petro- 
leum Co., McGregor. 


Cleveland-Akron. Fernand Florio, chief 
engineer of a French rocket company, 
SEPR, and Georges Delval of SNCASO, 
French aircraft manufacturers, spoke of 
the new rocket-powered interceptor, the 
Trident, made by the two companies, at 
the September meeting. Present version 
is powered by a 10,000-lb thrust engine 
mounted in the fuselage. Fuel is a mixture 
of xylidine, methanol, and furfury] alcohol 
while the oxidant is white fuming nitric 
acid. The airplane made its first flight re- 
cently. It carries two turbojet engines in 
the wings for sustained flight. 


New York. In spite of bad weather, al- 
most 300 members and guests visited the 
U. S. Naval Air Rocket Test Station at 
Lake Denmark, N- J., on September 18. 
An exhibit showing test equipment, elec- 
tronic equipment, protective clothing, etc., 
was set up, and there were several demon- 
strations of ignition experiments in ad- 
dition to an exhibit of various motors in- 
cluding a German V-2 engine. After a 
welcome by Captain W. G. Jackson, Jr., 
USN, Commanding Officer, a newly de- 
classified sound film on tactical transport, 
service, and launching of the V-2 missile 
was shown, introduced by Bertram N. 
Abramson, Head Engineer. This was fol- 
lowed by a description of Reaction Mo- 
tors, Inc., test facilities by Eric Harslem, 
Chief Test Engineer at RMI, who also in- 
troduced a color film on the Viking missile. 
After a box lunch, the meeting moved to 
the test facilities to see a 1000-lb solid pro- 
pellant rocket fired. The meeting con- 
cluded with a demonstration of fire fight- 
ing techniques by the fire department of 
NARTS. 


Northeastern New York. Fernand Florio 
and Georges Delval discussed the French 
SNCASO interceptor at a September 14 
informal dinner (see Cleveland-Akron 
news). 

On September 21, Milton Rosen, head of 
NRL’s Rocket Development Branch, told 
of the problems which have “bedeviled”’ 
Viking personnel in testing and launching 
at WSPG. Engineers at GE’s Malta Test 
Station state that the problems matched 
those encountered in their own experiences 
remarkably. 


Pacific Northwest. Provisional officers 
and directors elected to serve this Section 
are: President, R. Max Clayton; vice- 
president, William G. Ramroth;  secre- 
tary, W. Emmett Coon; treasurer, George 
W. Hettrick; Directors: David H. Suddeth, 
Nathan S. Ruder, Harold G. Lustig, Rob- 
ert M. Bridgforth, Jr., Henry L. Turner, 
Jr., Stanley W. Leszynski, all of Boeing 
Airplane Company, and James Fisher of 
the University of Washington. 
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At the New York Section meeting (left to right): Paul Terlizzi, NARTS engineer; 


Cmdr. Page Goldbeck, Enf. Officer, NARTS; C. W. Chillson of Curtiss Wright; Michael 
J. Samek, New York Section president; and Capt. W. G. Jackson, Commanding 
Officer at NARTS 


Southern California Section. The trip 
to the U.S. Naval Air Missile Test Center 
at Point Mugu drew 81 ARS members. 
Captain E. M. Condra, Commanding 
Officer and Dr. Royal Weller, Chief Scien- 
tist, outlined the Center’s activities. Be- 
cause of low ceiling, flight operations were 
cancelled, unfortunately. Individual clear- 
ances were handled with a minimum of 
confusion by local security officers. 

On September 8, William Bollay and 
Wayne Ehler of the Aerophysics Develop- 
ment Co., spoke at a roast-beef dinner 
meeting on ‘‘New Horizons Using Rock- 
ets.” 

Major Arthur ‘“Kit’’ Murray, test pilot 
for the Bell X-1 and X-5 among other air- 
craft, spoke at the October 13 dinner meet- 
ing at the IAS Building in los Angeles. 


Southern Ohio. Commander R. C. 
Truax, ARS director, presented a charter 
to this Section on September 16. Elected 
to office are: Warren White, president; 
W. J. Mizen, vice-president; Don E. 
Wrede, secretary; Robert W. Everson, 
treasurer. The directors are Richard Lott, 
C. W. Hosier, J. T. Marshall, H. Rosen- 
berg, and H. R. J. Grosch. Mizen and 
Marshall are with Bendix Aviation, Hamil- 
ton Division; Lott with Reaction Motors, 
Inc.; Hosier with Aerojet-General Corp.; 
and Rosenberg with Planet Products. 
The rest are from General Electric’s Avia- 
tion Gas Turbine Division, Cincinnati. 


Twin Cities. Fourth newly chartered 
Section is this one with members from the 
Minneapolis-St. Paul area. Officers are 
Joseph J. Schens, president; Richard 


Panek, secretary; David Zipoy, treasurer. 
Directors are Thomas F. Irvine, Jr., Al- 
bert P. Earle, and Jerry Koch. All are at 
the University of Minnesota as students or 
instructors. 


ARS SECTION PRESIDENTS 


Alabama Joseph Wiggins 
‘ Redstone Arsenal 
Arizona Robert H. Hansen 


Hughes Aircraft Co. 


Barnet S. Adelman 
Phillips Petroleum Co. 


Central Texas 


Chicago Kenneth H. Jacobs 
American Machine & 

Foundry Co. 

Cleveland-Akron John Sloop 
Lewis Flight Prop. Lab., NACA 

Detroit Laurence M. Ball 
Chrysler Corp. 

Florida KK, MeDaniel 
Boeing Airplane Co. 

Indiana 7 A. R. Graham 
~ Purdue University 

Maryland William G. Purdy 


Glenn L. Martin Co. 


J. R. Patton, Jr. 
Office of Naval Research 


Frank L. Koen, Jr. 


National Capital 


New Mexico- 


West Texas White Sands 
Proving Ground 
New York Michael J. Samek 


American Electro-Metal Corp. 


Niagara Frontier W. Sprattling 
Bell Aircraft Corp. 

Northeastern Kurt Berman 
New York _ General Electric Co. 
Northern William J. Barr 
California Detroit Controls Corp. 
Pacific R. Max Clayton 
Northwest Boeing Airplane Co, 


Irvin Glassman 
Princeton University 

H. S. Seifert 
Ramo-Wooldridge Corp. 


Princeton Group 


Southern 
California 


Warren White 

General Electric Co. 
Joseph J. Schons 
University of Minnesota 


Southern Ohio 


Twin Cities 
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The Rocket Test Engineer 


LTHOUGH the rocket motor of to- 

day has been perfected to such a 
degree that 99 per cent of them do not 
need testing, it was nevertheless decided 
to test 1 per cent of the rocket motors so 
that information from the tests could 
apply to the other 99 per cent in saying 
that 99 per cent of them didn’t need test- 
ing. Amidst this environment the rocket 
test engineer emerged. 


Description of the Genus 

Theoretically only one type exists; 
however, due to the selective process of 
dynamic evolution, four types are known 
to exist at various rocket establishments. 

The IDEAL type is the rocket test engi- 
neer you see in the movies, ads, and press 
releases. He is usually clad in protective 
clothing, wears a face shield, and some- 
times sports a supersonic dunce cap. In- 
variably he is described as a refugee from 
Mars. This type has an extremely short 
half life, and immediately after being 
photographed he disintegrates into one of 
the types described below. It is well 
known that he is well grounded in rock- 
etry. 

The CALIFORNIA type is in the 20-25 
year bracket. He wears an open-necked 
sport shirt at least 135 decibels louder 
than a typical rocket shot. His baseball 
cap is always perched on his head at an 
angle of at least 45 degrees or more, and 
by his side is always found a copy of ‘‘Jet 
Comics”’ and a frosty mint julep. He is 
quite versatile in the use of artifices. 

The MISFIRE type being in the 25-35 
year niche obviously has been around 
rockets a little more than his junior Cali- 
fornian type. He invariably slinks around 
in chartreuse sneakers and plaid shirts 
13.5 decibels louder than a rocket firing. 
His tie is a motley color, stained by eggs, 
soup, and red fuming nitric acid. Wan- 
dering about the installation (gutturally 
cursing the project engineer with quaint 
four-letter words) he is usually carrying a 
gnarled hydraulic line on some mission no 
one has been able to discover. That 
bulge in his hip pocket, he claims, is only 
used to prime the alcohol pump before 
firing. 

The sENIOR type takes superadequate 
measures for tests. When not in his fox- 
hole he can be detected by that light 
streaming through the jagged hole in his 
head. Besides knowing all about rockets, 
he is an expert on all kinds of soil and on 
certain internal propellants. oye 


To most persons (especially to the 
brass) the rocket test engineer has it easy — 
all he does is press the firing button. This 
is true. The only time he appears to 
work is when the brass is around. He 
calls up the big wheel in the morning and 
announces a firing at 3:30, and then con- 
ducts elaborate pressure and thrust cali- 
brations, checkouts, and recalibrations. 
Fatigued by all this precise scheduling, he 


takes two hours for lunch, and an extra 
hour talking to that cute hat-check girl 
at the local cocktail lounge. With only 
fifteen minutes before the big firing he 
calls up the big wheel to postpone the 
shot to 4:30 to impress him with the 
enormity of the task. The brass finally 
arrive, after a delightful talk with that 
cute hat-check girl at the local cocktail 
lounge. 

Does he fire? No! With only the hum 
of electronic equipment he performs the 
sacred ritual of a buildup. Down-range 
stations report in; warning sirens, horns, 
and buzzers blare; lights flash, warning 
rockets are fired, and finally everything 
becomes quiet; the test engineer’s an- 
nouncement of prefire time comes in 
through the audio system. Then comes 
the elaborate count-down. By this time 
the brass have become so nervous that 
they have chewed off all their finger 
nails. Then, in order to prevent serious 
damage to the brass, the test engineer 
finally fires the rocket. After a blast of 
up to 60 sec all becomes quiet again. 

The score is not impressive: only 60 
sec out of 28,800 sec per day are devoted to 
firing. Don’t be mistaken, though. The 
fame of a rocket test engineer is inversely 
proportional to the number of motors 
fired. Thus, a small-time operator may 
boast of firing 200 motors per day, while 
the real expert will spend at least six 
months getting set up to fire a unit with a 
burning time of just 125 millisec. 

During the firing the brass observe how 
efficiently the test engineer functions. 
He knows each switch and can tell you 
that the gleaming pilot light next to the 
second bank of rheostats indicates that 
coffee is ready. He is continually adjust- 
ing meters and can trip hundreds of SPST 
switches per min. In the evening, after 
all this, he is lucky to be able to start his 
car the first: time, instead of putting the 
key in the lighter socket. 

Before each test the rocket test engineer 
knows just what the specific impulse will 
be. He just goes through the motions 
merely to please the project engineer. 
When starting in on a new project he 
causes all sorts of things to go wrong. 
The motor won’t ignite, it blows up, or, 
if it does go, the C* is at least 2000 ft/sec 
below what it should be. Naturally, the 
project engineer begins to sweat. So, 
the test engineer makes some nonsensical 
change, such as sanding that superfinish 
on the nozzle, or putting a few dents 
in the injector ports. Finally, the rocket 
motor purrs sweetly every time the test 
engineer appears, just to avoid being 
kicked in the critical section. 

Just humor him, and give him a screw- 
driver and a pair of pliers, and he can ac- 
complish miracles with your motor. If 
you arouse his wrath, all hell will break 
loose. It is a well-known fact that a good 
test engineer can bring a project to an 
ignominious halt by looking cross-eyed at 
your rocket motor. 


1 Correspondence with Mr. Brennschluss should be directed to A. J. Zaehringer, Ameri- 
can Rocket Company, Wyandotte, Mich., who is the only one who knows how to reach him. 


by Bruno Brennschluss' 


What does a rocket test engineer do 
when he isn’t firing rocket motors? 
Mostly nothing. Since he is usually 
engaged in destructive testing, it is alleged 
that the test engineer is not a creative 
person. This is nonsense. When he is 
not destructing, he is constructing 
What? Wildly imaginative technica! re- 
ports and new, diabolical, testing devices, 

Basically being quite ignorant, what he 
lacks in intelligence he makes up for in 
stupidity. Thus, the test engineer usually 
describes his work in technical reports, 
These reports are masses of tables, tabula- 
tions, graphs, thrust-time traces, equa- 
tions, photographs, sketches, histogr:ms, 
and nomographs bound together with a 
minimum of words. With a vocabulary 
of a child of ten, he will clannishly babble 
about a “hot and sweet’’ shot, chufling, 
hangfire, etc., in such a manner that only 
another test engineer knows what is being 
said. When asked why he fired a particu- 
lar motor, he will honestly say, ‘Beats the 
hell out of me,” or more exactly, ‘“To see 
if the goddam thing will blow up’’; while 
the project engineer is likely to place the 
reason as: “To determine if the new area 
ratio is sufficient to dampen transient 
shock oscillations which may be of suf- 
ficient amplitude to rupture the wall.” 
The test engineer will write his voluminous 
reports amid the din of rocket blasts inter- 
rupted only by such thoughts as how ef- 
ficiently he could toast bread in the ex- 
haust flame, dancing molecules of ethanol, 
or that cute hat-check girl down at the 
cocktail lounge. His desk, cluttered with 
nozzles converted into ash trays, vibrates 
in phase with his pen as he grinds out the 
reports. 

Although the test engineer is always 
working on a “hot”? new gadget to do 
something or other, most of his “black 
boxes” are purchased. However, by the 
time the test engineer gets through with 
it, the manufacturer will never recognize 
his product. The oscilloscope is modified 
to deliver a rounded square wave, relays 
are put on existing relays, generators (run 
by batteries) take the place of batteries, 
and a VHF signal generator is used to 
toast sandwiches. Occasionally, some of 
this is necessary. 

In the gadget department, the test en- 
gineer shines. His control panel with its 
maze of switches, pyot lights, relays, but- 
tons, meters, jacks, resistors, condensers, 
coils, chokes, filters, decade boxes, oscil- 
lators, speakers (tweeters and woofers), 
transformers, vacuum tubes, transistors, 
and miles of wire and tons of solder, is a 
joy for any electrical supply company. 
The control panel, like its creator the test 
engineer, is almost human. Early in the 
morning it is balky; at noon it needs some 
hot shots; and an hour before quitting 
time it needs to be kicked in a few strate- 
gic spots to keep operating. 

Thus, we have seen how the rocket test 
engineer is the very cornerstone of our 
coming age of rocket power. If it doesn’t 
come, you can be sure that it was not the 
fault of the rocket test engineer! 
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Book Reviews 


The Next Fifty Years of Flight, hy 
B. Balchen and E. Bergaust, Harper «& 
Bros., New York, N. Y., 1954, 214 pp. 
$3. 

Reviewed by R. L. DuncAN 
Patuxent, Naval Air Test Center 


The role of a prophet is not an easy one 
and is especially difficult in the field of aero- 
nautics where progress is amazingly rapid. 
During lunch, dinner, and other times 
when aviation people get together, the 
topics of discussion tend toward predic- 
tions of the distant future, called ‘taking 
a trip to the moon” or “hangar flying.”’ 
This general practice of dreaming of the 
future is an interesting diversion for the 
people involved in research and develop- 
ment who are continually faced with the 
problem of determining the direction in 
which our program must go tomorrow or 
in the immediate future. I believe, there- 
fore, that the authors derived a great deal 
of pleasure from assemblying the material 
necessary for their interesting and en- 
lightening book. It is evident that a 
number of discussions were held between 
well-known people in aviation and the 
authors. Men in nearly every division 
of the aviation field were contacted, in- 
cluding Arthur Godfrey, and their state- 
ments and predictions are quoted so that 
agood cross section of opinion, in addition 
to that of the authors, is contained in the 
hook, and thus an interesting summary of 
the present thinking in the industry is 
given. 

Looking back over the progress of the 
past fifty years and picturing a man in 
the early years of the century with the 
courage to predict the accomplishments 
of the first fifty years of aviation makes 
me think that such a man would have 
fallen far short in his prediction of the 
tremendous developments in aviation. 
And so it may be that the authors also 
have missed many a future wonder that 
cannot be foreseen at present. There is 
no doubt that many controversial issues 
have been covered in the book and perhaps, 
«mong the experts, a difference of opinion 
could be found for every prediction. 
The statements of the authors are to me 
generally conservative, though many a 
difficult problem must be solved before 
the predictions can be realized. The 
thapter on space travel is exceptionally 
well written and the discussion of private 
and commercial flying is quite interesting. 
The Arctic Story, of course, is an out- 
standing chapter and could only be so 
well presented by these authors. 

Worlds in Space, by Martin Caidin, 
Henry Holt and Co., New York, N. Y., 
1954,212 pp. $5. 

Reviewed by W. R. WarrEN, Jr. 
Princeton University 


Martin Caidin has written a rather 
omprehensive summary of many current 
ideas concerning space flight. One of the 
leatures of this book is the author’s realiza- 


tion of the problems inherent in the ma- 
jority of proposals that have received 
wide publicity. He treats these problems 
with more understanding and less un- 
hounded enthusiasm than is usually the 
case. The reader, who might at first 
feel that he is searching through another 
fantasy, is led to the realization that space 
travel will actually exist in the future, 
although, perhaps, to less dramatic ends 
than he had expected. 

The first chapter presents a concise 
summary of rocket achievements in the 
past decade and indicates the progress, 
as well as the lack of progress in certain 
areas, that has been made toward the 
various space flight goals. The experience 
of German engineers and the use of cap- 
tured V-2 missiles as test vehicles are 
shown to have been quite important in 
postwar rocket research. 

The following sections deal with 
immediate aims of space enthusiasts. 
Manned and unmanned satellites are dis- 
cussed, their important scientific potentiali- 
ties pointed out and their overestimated 
military usefulness. A long chapter is 
devoted to the difficult problems (weight- 
lessness, cosmic radiation, extreme ac- 
celeration) man must face when he at- 
tempts to travel beyond the earth’s 
atmosphere. Caidin then gives a cursory 
examination of existing plans for satellite 
and space ship construction. In this 
regard, he takes a more pessimistic, and 
realistic, viewpoint than other writers 
concerning both the financial and time 
estimates. 

Lastly, the author treats proposed ex- 
peditions to other worlds. Travel to 
and from the moon receives the most 
detailed treatment, but some discussion 
of the practicality and magnitude of 
effort needed for interplanetary travel in 
our own solar system is also included. 

The more imaginative portions of the 
book are adequately illustrated by Fred 
I. Wolff. The historical section is sup- 
ported by many well-known photographs. 


V-2, By Walter Dornberger, The Viking 
Press, New York, 1954, 281 pages. $15. 
Reviewed by C. F. WARNER 
Purdue University 


Much has been written of the technical 
aspects of the German rocket weapons 
and their development; but in V-2, 
Dr. Walter Dornberger presents a graphic 
account of the men who brought the Ger- 
man rockets into being. This book will 
appeal not only to those directly connected 
with the field, but also to the nontechnical 
reader interested in the history of the 
development of mankind’s great inven- 
tions. 

Walter Dornberger, Doctor of Engineer- 
ing, General in the German Army, and 
Head of the Peenemiinde Rocket Station 
‘aptures the reader’s interest immediately 
with a vivid description of the tense 
moments just preceding and during the 
firing of the world’s first large liquid pro- 


C. F. Warner, Purdue University, Associate Editor 


pellant rocket, the German A-4, later 
called by the English, the V-2. After 
the story of the initial A-4 flight has 
been told, the author returns to the first 
feeble efforts of the Society for Space 
Travel (V.F.R.) and from there tells of 
the ever-expanding German rocket de- 
velopment. program halted only by the 
collapse of the German war effort. 

In addition to describing the manifold 
technical problems successfully overcome 
during the building of the V-2, the author 
tells of the many obstacles that beset 
the Peenemiinde technical staff because 
of the personal jealousies, political rival- 
ries, shortsightedness of Hitler, 
Himmler, Goering, Degenkolb, and others. 

At the close of the book the reader is 
left. with the feeling that, most fortunately 
for the Allies, the complete German rocket 
program can be characterized by the 
famous words “‘too little, too late.” 


Airplane Structures, Volume I, 4th edition, 
by A. S. Niles and J. S. Newell, John 
Wiley & Sons, Inc., New York, N. Y., 
1954, 607 pp. $7.75. 

Reviewed by J. P. Layron 
Princeton University 


Professor Niles and the late Professor 
Newell have thoroughly revised volume I 
of their well-known two-volume work, 
“Airplane Structures,’ although it con- 
tinues to be devoted to the elementary 
principles underlying all structural design. 
The fourth edition of volume I should 
continue to be widely used as a text in 
teaching aeronautical structures, but its 
usefulness should not be neglected in the 
design of efficient structures in other fields, 
as the desirable trend toward high strength 
weight ratios becomes increasingly recog- 
nized. 

Text and problems have been redone and 
the following new material has been 
added: (1) anew approach to the analysis 
of riveted joints; (2) a chapter on the 
physical properties of structural materials; 
(3) a treatment of combined bending and 
torsion of a shell with constant-shear- 
flow webs; (4) an analysis of a space 
truss with members subjected to bending 
moments in addition to axial loads; 
(5) new monograms for use in practical 
design work; (6) the NACA method for 
the analysis of incomplete tension-field 
beams; and (7) a new and simpler deriva- 
tion of the Kuler formula. Some of the 
material from volume II has been incor- 
porated into this edition of volume I, 
primarily a chapter on the Maxwell-Mohr 
method for the analysis of statically in- 
determinate structures. 

Since a single work cannot provide all 
things, some of the statements and ma- 
terial do not correspond to current struc- 
tural practices or reflect light into the 
darker corners of present need. However, 
the basic organization and clear logic of 
the book remain as a sure fundamental 
base from which to launch onto the stormy 
sea of structural analysis. 
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Wind Tunnel Testing, second edition, by 
Alan Pope, John Wiley & Sons, Inc., 
New York, N. Y., 1954, 511 pp. $8.50. 

Reviewed by Seymour M. Boaponorr 

Princeton University 


Mr. Pope has done an excellent job of 
revising, correcting, and bringing up to 
date his first edition of “Wind Tunnel 
Testing.” The book is a very good in- 
troduction to subsonic wind tunnel testing 
and design and, as such, completely ful- 
fills the stated purpose of the author. 
In this field, the text is authoritative, 
quite complete, and well illustrated. The 
numerous problems are especially useful 
for undergraduate instruction. The see- 
tions on testing procedures and wall 
corrections have been considerably im- 
proved in this edition. 

The author has added sections on tran- 
sonic, supersonic, and hypersonic testing 
to his first edition. These sections have 
added considerably to the value of the 
book, but they are not anywhere near 
as complete or authoritative as the low- 
speed sections. In the light of the fact 
that many schools introduce such subjects 
in undergraduate instruction and many 
engineers in the aeronautical industry 
are working on transonic and supersonic 
applications, the reviewer feels that a 
more complete treatment of the problems 
in these ranges is needed. The inclusion 
of this material may prove to be difficult 
because of the introductory nature of the 
presentation and the problems of classi- 
fication of some of this new material. 


INVITES YOU TO MAKE YOUR HOME 
IN BEAUTIFUL SAN DIEGO, CALIFORNIA 


Here is your opportunity to move to this beautiful community — and 
take your place in the interesting, explorative, energetic Convair 
Engineering Department 


San Diego's wonderful climate, varied topography and natural beauty 
give to you and your family this country's finest living conditions. And the 
Convair Engineering Department — an “engineers” engineering depart- 
ment — offers you stability, plus the stimulation of challenging work 
on a wide variety of projects with interesting, competent associates 


Convair also has a limited number of openings for aircraft designers 
in structural design, electronic installation and hydraulics. 


Moving and travel allowances will be paid Housing plentiful and 
reasonable. 


PLEASE WRITE: H. T. Brooks, Engineering Personnel, 
Convair, 3302 Pacific Hiway, Dept. JP-11, 
San Diego 12, California 
Complete details will be sent at once. All replies treated confidentially. 


* Convair's widely-publicized XFY-1...the new Convair delta wing 


vertical take-off plane designed, engineered and built inSanDiego. 


Aeronautical or 
Mechanical 
_ Engineers 


For development of 


GUIDED MISSILES 
AND ROCKETS 


Applicants must have obtained 
their Masters, Professional, or 
Doctors Degree since 1945 and be 
between 20 and 35 years of age. 
Work involves theory and appli- 
cation in such fields as: 

® Mechanics and Dynamics 
® Fluid Dynamics 

® Structural and Mechanical Design 
® Heat Transfer and Thermodynamics 
®@ Systems Analysis 


Send summary of qualifications 
to: 


CALTECH 


Jet Propulsion 
4800 Oak Grove Drive 
Pasadena 3, California 


JET PROPULSION 


| 
| 
| 
j 
. 
to 


) of 
to 
inel 

in- 
ful- 
hor. 
ive, 
The 
eful 
see- 
wall 

im- 


ran- 
ting 
hive 

the 
pear 
low- 
lact 
ects 
any 
stry 
onie 
it 
lems 
sion 
cult 
the 


Assl- 


= 


CUnivewily 


announces the first two of the 


12 volumes to be published on 


HIGHSPEED 
AND 
PROPULSION 


N an undertaking without precedent in the history 
EDITORIAL BOARD 
THEODORE VON KARMAN 


the world’s leading scientists have joined to bring to- Chairman of the Air Force 
Scientific Advisory Board. 


of scientific publishing, more than one hundred of 


gether the advances of the past 15 years in the related ii a 


fields of gas dynamics, aerodynamics, combustion, and Chairman of the National 
: Advisory Committee for 
jet propulsion. Aeronautics. 
Their work has been assembled in logical and easily Hucn S. Tavton 
Dean of the Graduate 
accessible form in order to lend continuity and organ- a at P — 
niversity. 
ization not often found in works of such scope. GENERAL EDITORS 
While much of the work presented appears here for Josepn V. Cuanyx and 


MARTIN SUMMERFIELD 
the first time in published form, the physical fundamen- 


tals of aerodynamics on which the advanced work rests a 


are also included. Vol. 6. GENERAL THEORY oF HIGH 

SPEED AERODYNAMICS. 
Edited by W. R. Sears. 774 pages, 
work in each field. The design and development of jet $15.00 


The series will cover all important facets of recent 


propulsion engines, as well as the aircraft as a whole, —_Vol. 9. Prysicat Measurements 1N 
: Gas DyNaMICS AND COMBUSTION. 
are treated from a completely analytical viewpoint. Edited by R. W. Ladenburg, B. 
You are invited to send for the free brochure which 1» B- N. Pease, and H. S. Taylor. 
594 pages, $12.50 


describes in detail the content of each volume and the 


full scope of the series. Address PRINCETON UNIVERSITY 
Press, Dept. A22, Princeton, N. J. }?* 
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At North American you will use the nation’s 
finest experimental and test facilities: subson- 
ic, supersonic, and tri-sonic wind tunnels, ther- 
modynamic laboratory, electro-mechanical 
laboratories, rocket engine field laboratory. 

Many opportunities for recent graduates, 


organization, facilities and experience keep 
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Computers 
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Weight Engineering 
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Flight Test Instrumentation 


PROPULSION 


Stress & Dynamic Analysis 
Controls 
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Technical Literature Digest 


M. H. Smith, Associate Editor, and M. H. Fisher, Contributor 
The James Forrestal Research Center, Princeton University 


Jet Propulsion Engines 


Method for Evaluating the Effects of 
Drag and Inlet Pressure Recovery on 
Propulsion-System Performance, by Emil 
J. Kremzier, NACA TN 3261, Aug. 1954, 
21 pp. 

Proposal for Investigation of Intermit- 
tent Jet Propulsion Cycles Using Single 
Explosion Techniques, by Raymond M. 
Lockwood and Charles Thomas, American 
Helicopter Co. Rep. no. 230 P-001, June 
1954, 46 pp. 

Study of Stress Status in Gas-Turbine 
Disk as Determined from Measured 
Operiting-Temperature Distributions, by 
E. Farmer and N. Rillenson, NACA RM 
E8Ci6, July 21, 1948. (Declassified 
Sept. 1954) 

Effect of Inlet Temperature and Humid- 
ity on Thrust Augmentation of Turbojet 
Engine by Compressor-Inlet Injection, 
by T. Shillito and J. Harp, NACA RM 
£50119, July 3, 1950.  (Declassified 
Sept. 1954) 

Preliminary Report on the Application 
of the Pulse-Jet Engine to Helicopter 
Rotor Propulsion, by D. Bitondo and J. B. 
Kendrick, Aerophysics Development Corp. 
Rep. no. ADC-102-3, Aug. 1952, 25 pp. 
(AS7IA AD 7923) 

Controlling Free Turbine Helicopter 
Engines, by R. F. Owens, Aviation Age, 
vol. 22, Aug. 1954, pp. 90-95. 

The Ramjet Powerplant, by Malcolm 
Harned, Aero Digest, vol. 69, July 1954, 
pp. 38-43. 

Cascade Blade Flutter and Wake Excita- 
tion, by J. F. W. Parry and H. Pearson, 
J. Roy. Aeron. Soc., vol. 58, July 1954, pp. 
505-508. 

An Experimental Study of Three Di- 
mensional High Speed Air Conditions in 
a Cascade of Axial Flow Compressor 
Blades, by K. W. Todd, Gt. Brit. Aeron. 
Res. Counc. Rep. Mem. no. 2792, 1954, 
34 pp. 

Relative Eddy and Its Effects on the 
Performance of a Radial Bladed Centrifu- 
gal Impeller, by K. R. Reddy, J. Roy. 
Aeron. Soc., vol. 58, Aug. 1954, pp. 547— 

Air Intake Efficiency, by F. B. Greatrex, 
J, Roy. Aeron. Soc., vol. 58, Sept. 1954, 
pp. 639-648. 

Load Range Performance of Turbine 
Propeller Engine in Transonic Speed 
Range and Comparison with Load Range 
rformance of Turbojet Engine, by Ber- 
tard Lubarsky, NACA RM _ E50K02, 
Nov. 1950. (Declassified 1953) 
Performance Characteristics of Two 6° 
and Two 12° Diffusers at High Flow 
Rates, by William J. Nelson and Hileen G. 
Popp, NACA RM L9HO9, Aug. 1949. 
Declassified 1953) 

Performance of 24 Inch Supersonic 
Axial-Flow Compressor; II1I—Compressor 
Performance with Inlet Guide Vanes, by 
Melvin J. Hartmann and Edward R. 
Tysl, NACA RM E50D27, April 1950. 
(Declassified 1953) 

Experimental Investigation of Effects of 
Design Changes on Performance of Large- 
Capacity Centrifugal Compressors, by 


Joseph R. Withee, Jr., Karl Kovach, and 
Ambrose Ginsburg, NACA RM E50K10, 
Nov. 1950. (Declassified 1953) 

Effect of Blade Surface Finish on Per- 
formance of a Single Stage Axial Flow 
Compressor, by Jason J. Moses and George 
K. Serovy, NACA RM ¥:51C09, March 
1951. (Declassified 1953) 

Analysis of Stage Matching and Off- 
Design Performance of Multistage Axial 
Flow Compressors, by Harold B. Finger 
and James F. Dugan, Jr... NACA RM 
K52D07, April 1952. (Declassified 1953) 


Investigation of Effects of Reynolds - 


Number on Large Double-Entry Centrif- 
ugal Compressor, by Karl Kovach and 
Joseph R. Withee, Jr., NACA RM 
K52H19, Aug. 1952. (Declassified 1953) 

Design Considerations For Mixed Flow 
Centrifugal Compressors With High 
Weight-Flow Rates Per Unit Frontal 
Area, by John D. Stanitz, NACA RM 
h53A15, Jan. 1953. (Declassified 1953) 

Experimental Investigation of Flow 
Through Highly Loaded Inlet Guide 
Vanes Having Different Spanwise Cir- 
culation Gradients, by Loren A. Beatty, 
Melvyn Savage, and James C. Emery, 
NACA RM 1L52D25a, April 1952. (De- 
classified 1953) 

Survey of Advantages and Problems 
Associated With Transpiration Cooling and 
Film Cooling of Gas Turbine Blades, by 
EF. R. G. Eckert and Jack B. Esgar, NACA 
RM FE50K15, Nov. 1950. (Declassified 
1953) 

Investigations of Air-Cooled Turbine 
Rotors For Turbojet Engines; III—Ex- 
perimental Cooling-Air Impeller Perform- 
ance and Turbine Rotor Temperatures in 
Modified J33 Split-Disk Rotor Up to 
Speeds of 10,000 RPM, by Alfred J. 
Natchigall, Charles F. Zalabak, and Rob- 
ert R. Ziemer, NACA RM_ E52C12, 
March 1952. (Declassified 1953) 


Rocket Propulsion Engines 


Vibrational Temperature Lag During 
Nozzle Expansion for the Hydrogen Fluo- 
rine Rocket Motor, by H. C. Penny and 
Henry Aroeste, Calif. Inst. Tech. Guggen- 
heim Jet Prop. Cent. Tech. Rep. no. 5, 
June 1954, 4 pp. 

Aerodynamic Losses in Low-Pressure 
Tailpipe Exhaust Ducts for Rocket- 
Propelled Aircraft, by W. N. Hagginbot- 
tom and J. C. Thibodaux, NACA RM 
L8C25, July 20, 1948. (Declassified 
Sept. 1954) 

Principles of Rocket Turbopump Design, 
by C. C. Ross, Aero Digest, vol. 69, Sept. 
1954, pp. 70-87. 

Combustion Stability Research, by 
Irving L. Odgers, Nathaniel Van de Verg, 
and Robert S. Wick, Calif. Inst. Tech. Jet 
Prop. Lab. Progress Rep. no. 20-203, Jan. 
1954, 51 pp. 

More About the Sprites (De Havilland 
Super-Sprite Rocket), Aeroplane, vol. 
87, Aug. 6, 1954, pp. 185-186. 

Armstrong Siddeley’s Snarler. <Aero- 
plane, vol. 87, Aug. 6, 1954, pp. 180-184; 
Flight, vol. 66, Aug. 6, 1954, pp. 176-180. 


Heat Transfer and Fluid 


Flow 


Heat, Mass, and Momentum Transfer 
for flow over a Flat Plate with Blowing or 
Suction, by H. 8. Mickley, R. C. Ross, 
A. L. Squyers, and W. E. Stewart, 
(M.LT.). NACA TN 3208, July 1954. 
149 pp. 

Fluid Mechanics and the Transport 
Phencmena, by R. B. Bird, C. F. Curtis. 
and J. O. Hirschfelder, Wisconsin Univ. 
Naval Res. Lab. Rep. ONR-7, May 1954, 
pp. 

Mixing Lengths and Entrainment Ratios 
in Low Velocity Jet Pumps, by J. EF. 
Nowrey and Arnold Kivnick, Jllinois 
Univ. Engng. Exper. Sta. Tech. Memo. no. 
4, Sept. 1953, 5 pp. 

Impact Pressure and Temperature 
Profiles in a Non-Isothermal Jet Discharg- 
ing Into a Duct, by R. D. Danielson and 
Arnold Kivnick, Jilinois Univ. Tech. 
Memo. no. 3, Sept. 1953, 3 pp. 

Mixing of Fluid Streams, Final Report 
on Contract N6-ori-071 (11), by Arnold 
Kivnick and H. F. Johnstone, /llinois 
Univ. Engng. Exper. Sta., Sept. 1953, 33 


pp. 

Single Degree of Freedom Flutter of 
Compressor Blades in Separated Flow, 
by Jan R. Schnittger, J. Aeron. Sci., vol. 
21, Jan. 1954, pp. 27-36. 

Temperature Jump and Velocity of Slip 
at the Boundary of a Gas, by Herbert 
Payne, J. Chem. Phys., vol. 21, Dec. 1953, 
pp. 2127-2131. 

Correlation of Isothermal Contours 
Formed by Penetration of Jet of Liquid 
Ammonia Directed Normal to an Air 
Steam, by David B. Fenn, NACA RM 
53J08, Feb. 1954, 38 pp. 

Design and Performance of an Adjust- 
able Two-Dimensional Nozzle With Bound- 
ary-Layer Correction, by G. H. Backer, 
J. Aeron. Sci., vol., 21, Jan. 1954, pp. 
50-56. 

A Method For Generating Strong Shock 
Waves, by A. Hertzberg and W. FE. 
Smith, J. Appl. Phys., vol. 25, Jan. 1954, 
pp. 130-131. 

Remarks on “Sonic Bang” (in French), 
by Maurice Roy, Récherche Aéron. no. 36, 
Nov.-Dec. 1953, pp. 3-5. 

Cylindrical Shock Waves Produced by 
Instantaneous Energy Release, by Shao- 
Chi Lin, J. Appl. Phys., vol. 25, Jan. 1954, 
pp. 54-57. 

Velocity Attenuation of Explosive-Pro- 
duced Air Shocks, by Jacob Savitt, and R. 
H. F. Stresau, J. Appl. Phys., vol. 25, Jan. 
1954, pp. 89-91. 

The Effect of Air Condensation on Prop- 
erties of Flow and Their Measurement 
In a Hypersonic Wind Tunnel, by J. Grey 
and H. T. Nagamatsu, Midwest. Conf. 
Fluid Mechanics, 3rd Proceedings, 1953, pp. 
529-546. 

Investigation of Shock Diffusers at 
Mach Number 1.85; I—Projecting Sin- 
gle-Shock Cones, by ,W. E. Moeckel, J. 
F. Connors, and A. H Schroeder, NACA 
RM E6K27, Nov. 1946. (Declassified 
1953) 
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Investigation of Shock Diffusers at 
Mach Number 1.85; II. Projecting 
Double-Shock Cones, by W. E. Moeckel, 
J. F. Connors, and A. H. Schroeder, NACA 
RM E6L13, Dec. 1946. (Declassified 1953) 

The Use of Perforated Inlets for Effi- 


| cient Supersonic Diffusion, by John C. 


Evvard and John W. Blakey, NACA RM 
E7C26, March 1947. (Declassified 1953) 

Investigation of Axially Symmetric and 
Two-Dimensional Multinozzles for Pro- 
ducing Supersonic Streams, by Eli Reshot- 
ko and Rudolph C. Haefeli, NACA RM 
E52H28, Aug. 1952. (Declassified 1953) 

An Investigation of the Characteristics 
of the Three NACA 1-Series Nose Inlets 
at the Subcritical and Supercritical Mach 
Numbers, by Robert E. Pendley and Nor- 
man F, Smith, NACA RM LS8L06, Dec. 
1948. (Declassified 1953) 

Preliminary Investigation of a Variable 
Mass-Flow Supersonic Nose Inlet, by 


Clyde Hayes, NACA RM L9J11, Oct. 


1949. (Declassified 1953) 

Effects of Inlet Wall Contour on the 
Pressure Recovery of a 10° 10-Inch Inlet- 
Diameter Conical Diffuser, by Martin R. 
Copp, NACA RM L51Ella, May 1951. 
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Similarities in Combustion, by™ Albert 
Weller and Ralph E. Thomas, Battelle 
Memorial Inst. Tech. Rep. no. 15038-1, 
June 1954, 71%pp 

Ignition and Combustion in a Laminar 
Mixing Zone, by Frank EK. Marble and 
C. Thomas Adamson, Jr., Calif. Inst. 
Tech. Jet Prop. Lab. Progress Rep. no. 
20-204, Jan. 19, 1954, 28 pp. 

Effects of Additives on Flame Propaga- 
tion in Acetylene. IJ, by E. A. West- 
brook and Robbin C. Anderson, Texas 


Univ. Chemistry Div. Tech. Rep. no. 9 
(OSR-TN-54111), April 1954, 9 pp. 

A Study of the Radiation from Laminar 
and Turbulent Open Propane-Air Flames 
as a Function of Flame Area, Equivalence 
Ratio, and Fuel Flow Rate, by Thomas 
P. Clark and David A. Bittker, N.iC4 
RM E54F29, Aug. 1954, 33 pp. 

Ignition Delay with Rapidly Mixed 
Liquid Reactants, by Louis Baker, ///inois 
Inst. Tech. Dep. Chemistry Tech. Rep. no. 
7, Aug. 1954, 238 pp. 

The Modes of Decomposition of N- 
pentane. III. Rate of Ethane at Low 
Pressures, by BR. C. Spall, F. J. Stubbs, 
C. J. Danby, and Cyril Hinshelwood, 
Proc. Roy. Soc. Lond. (A), vol. 225, no. 
1160, Aug. 6, 1954, pp. 64-70. 

Heats of Combustion and Molecular 
Structure. Part I. The Resonance En- 
ergy and Structure of Cyclo-Octatetra ene, 
by H. D. Springall, T. R. White, and 1. C. 
Case, Trans. Faraday Soc., vol. 50, p:. 8, 
Aug. 1954, pp. 815-819. 

Oxidation of Carbon Monoxide, by 1). E. 
Hoare, and D. E. Walsh, Trans. Far day 
Soc., vol. 50, Jan. 1954, pp. 37-50. 

Temperature Gradients in Reacting 
Systems, by Sidney W. Benson, J. Cem. 
Phys., vol. 22, Jan. 1954, pp. 46-50. 

The Thermal Decomposition of [ini- 
trites, I. Vicinal Dinitrites, by Leste: P. 
Kuhn and Louis DeAngelis, J. A ner. 
Chem. Soc., vol. 76, Jan. 20, 1954, pp. 
328-329. 

Some Experimental Studies of Laminar 
Burning Velocities, by H. R. Poorman and 
F. Harshbarger, Calif. Inst. Tech. Gugven- 
heim Jet Prop. Center Tech. Rep. no. 3, 
April 1954, 5 pp. 

Experimental Determination of Rota- 
tional Temperatures and Concentrations 
of OH in Flames from Emission Spectra, 
by S. S. Penner and E. K. Bjornerud, 
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Calif. Inst. Tech. Guggenheim Jet Prop. 
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The Thermal Theory of Laminar Flame 
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nes Propagation for Bromine Mix- 
nee tures, by Donald F. Mileson, Calif. Inst. 
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CA Rep. no. 6, July 1954, 52 pp. 

Review of Information Concerning 
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0d Discharges, by Clyde G. Swett, Jr., NACA 
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ular [| Successive Approximations to the Solu- 
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one Wisconsin Univ. Naval Res. Lab. Rep. no. 
ONR-S. June 1954, 24 pp. 
8 Theory of the Spherical Diffusion 
’ Brame: The Effect of Atmosphere Deple- 
B. tion, by Felix T. Smith, J. Chem. Phys., 
day vol. 22, Sept. 1954, pp. 1605-1609. 
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em. % by Milton Farber and Alfred J. Darnell, 
J, Chem. Phys., vol. 22, July 1954, pp. 
ini- 1261-1263. 
P, Determination of the Distribution of 
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ad F. J. Weinberg, Proc. Roy. Soc. 

inar Lond. (A) vol. 224, July 7, 1954, pp. 286- 
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; n- Determination of Transient Flame Tem- 
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Charles H. Prien, and Thomas Zandstra, 
Rev. Sci. Instrum., vol. 25, July 1954, pp. 
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tra, Self Ignition Temperiu.ures of Combus- 
[title Liquids, by N. B. Setdikin, J. Res. 


Nall. Bur. Stand., vol. 53, July 1954, pp. 
40-66. 

The Laminar Flame Speed of Propane/ 
Air Mixtures with Heat Extraction from 
the Flame, by J. P. Botha and D. B. 
Spalding, Proc. Roy. Soc. Lond. (A), vol. 
25, Aug. 6, 1954, pp. 71-96. 

Ignition and Combustion in a Laminar 
Mixing Zone, by Thomas C. Adamson, Jr. 
Calif. Inst. Tech. Jet Prop. Lab. Rep. no. 
”-79, June 1954, 117 pp. 

Diffusion Flames in the Laboratory, 
yJohn Barr. NATO Advisory Group 
feron. Res. Development Mem. AG 11/M7, 
May 1954, 10 pp. 
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The Thermal Decomposition of Hydra- 
tne Vapour, by W. 8. H. Winning, Proj. 
Suid. Tech. Rep. PR-49-P (reprinted 
om J. Chem. Soc., March 1954, pp. 926— 

l), May 1954. 

Mechanical Properties at Room Tem- 
Merature of Four Cermets of Titanium 
Carbide with Nickel Binder, by Aldie E. 
on, Jr., NACA TN 3197, Aug. 1954, 
pp. 

mparison of Performance of an F-58 
id an F-32 Fuel in J33-A-23 Turbojet 
‘gine, by U. Wilsted and J. Armstrong, 

ACA RM E8K24, June 2, 1949. (De- 

issified Sept. 1954) 
Combustion Efficiency and Altitude 
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mbustor, by E. Stricker, NACA RM 
0H28, Nov. 6, 1950 (Declassified 
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actors in Selecting Fuels for Gas- 
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Optical Absorbance in Nitric Acid- 
Nitrogen Dioxide-Water System, by S. 
Lynn, D. M. Mason, and D. H. Sage, 
Indust. Engng. Chem., vol. 16, Sept. 
1954, pp. 1953-1955. 

A High Rate Testing Machine for 
Measuring Mechanical Properties of Solid 
Propellants, by C. M. Minke, A. R. Shoff, 
and H. A. Winnerling, Hercules Powder 
Co. Allegany Ballistics Lab. Rep. ABL 
B-11, July 1954, 25 pp. 

Solid Propellants, by C. E. Bartley, 
Aero Digest, vol. 69, July 1954, pp. 50-54 

Progress in Rocket Fuels, by Raymond 
W. Young, Aero Digest, vol. 69, July 1954, 
pp. 96-100. 

Properties of Hydrogen Peroxide, by 
J. A. Williams, Aeroplane, vol. 87, Aug. 6, 
1954, pp. 189-190. 

Liquid Oxygen for Rocket Engines, 
Aeroplane, vol. 87, Aug. 6, 1954, pp. 187- 
188. 

Ceramic Material for Jets, Battelle 
Tech. Rev., vol. 3, no. 8, Aug. 1954, pp. 
81-82. 

On the Nature of Radiation Damage in 
Metals, by John A. Brinkman, J. Appl. 
Physics, vol. 25, Aug. 1954, pp. 961-971. 

Applying High Temperature Ceramic 
Coating, by F. D. Shaw, Aero Digest, vol. 
69, Aug. 1954, pp. 70-73. 


Physical-Chemical ‘Topics 


The Luminous Reaction Between Car- 
bon Monoxide and Atomic Oxygen, by 
H. P. Broida, and A. G. Gaydon, Trans. 
Faraday Soc., vol. 49, Oct. 1953, pp. 1190- 
1193. 

Thermodynamic Functions of the Halo- 
genated Methanes, by Edward Gelles and 
Kenneth 8. Pitzer, J. Amer. Chem. Soc., 
vol. 75, Nov. 1953, pp. 5259-5267. 
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Energy Exchange in Molecular Colli- 
sions, by Benjamin Widon and S. H. 
Bauer, J. Chem. Phys., vol. 21, Oct. 1953, 
pp. 1670-1685. 

Relationship between Kinetics and 
Acoustic Phenomena in Equilibrium Sys- 
tems, by Milton Maues, J. Chem. Phys., 
vol. 21, Oct. 1953, pp. 1791-1796. 

Rate of Association of Methyl Radicals, 
by G. B. Kistiakowsky and E. Kirk Rob- 
erts, J. Chem. Phys., vol. 21, Oct. 1953, pp. 
1637-1643. 

On Rates of Approach to Equilibrium, 
by S. H. Bauer, J. Chem. Phys., vol. 21, 
Oct. 1953, pp. 1888-1889. 

Heat Capacities and Entropy of Cyclo- 
butane, by G. W. Rathjens, Jr., and 
William D. Gwinn, J. Amer. Chem. Soc., 
vol. 75, Nov. 20, 1953, pp. 5629-5633. 

Infrared Absorption Spectra, Structure 
and Thermodynamic Properties of Cyclo- 
butane, by G. W. Rathjens and N. K. 
Freeman, J. Amer. Chem. Soc., vol. 75, 
Nov. 20, 1953, pp. 5634-5642. 

Quantum Mechanics of Collisions be- 
tween Diatomic Molecules, by C. F. 
Curtiss, J. Chem. Phys., vol. 21, Nov. 1953, 
pp. 2045-2050. 


Instrumentation and Ex- 
perimental Techniques 


Internal Pressure Gage for Instantane- 
ous Static and Dynamic Pressure Meas- 
urement, by M. P. Peucker, NAVORD 
Rep. 3630 (Aeroballistic Res. Rep. no. 
216), Feb. 1954, 24 pp. 

Some Effects of Exposure to Exhaust- 
Gas Streams on Emittance and Thermo- 
electric Power of Bare-Wire Platinum 
Rhodium-Platinum Thermocouples, by 
George IX. Glawe and Charles E. Shepard, 
NACA TN 3253, Aug. 1954, 30 pp. 
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A High perature Microwave Spec- 
trometer, by M. L. Stetch, A. Honig, and 
C. H. Townes, Rev. Sci. Instrum., vol. 25, 
Aug. 1954, pp. 759-764. 

Drive and Operation of Large Intermit- 
tent Wind Tunnels, by J. Lukasiewicz, 
Toronto Univ. Second Canad. Sympos. 
Aerodynamics, 1954, pp. 123-134. 

The High Speed Laboratory of the Aero- 
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Aeron. Res. Counc. Rep. Mem. no. 


Factors Affecting the Precision and Ac- 
curacy of an Absolute Noise Thermometer, 
xy E. Walters Hogue, Natl. Bur. Stand. 
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Statistical Methods in Engineering Ex- 
perimentation, by P. Kisenklam, Research, 
vol. 6, 1953, pp. 195-201, 231-237. 
Determination of Flame Temperatures 
from 2000° to 3000° K by Microwave Ab- 


| sorption, by Perry W. Kuhns, NACA TN 


3254, Aug. 1954, 48 pp. 

Rocket Borne Photometer Measures 
Sky Light, by A. Carman and J. F. Bed- 
inger, Electronics, vol. 27, Sept. 1954, pp. 
151-153. 
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The Transfer Function of a Rocket-Type 


| Guided Missile with Consideration of its 


| and Hans R. Friedrich, J. 


Structural Elasticity, by J. L. Beharreld 
Aeron. Sci., 


| vol. 21, July 1954, pp. 454-458. 


A Guided-Missile Design Study, Aero- 
plane, vol. 87, Aug. 6, 1954, pp. 198-200. 
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| July 1954, pp. 31-36. 
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Ryan Firebee, by John Lent, Aero 

Digest, vol. 69, July 1954, pp. 44-48. 
Attaining Stability and Control, by Max 

M. Munk, Aero Digest, vol. 69, July 1954, 


| pp. 69-74. 


Some Problems on Geodetic 
by G. A. Crocco (in Italian), L’ Aerotec- 
nica, vol. 34, April 1954, pp. 59 1 

A Comparison of Two Techniques 
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the Determination of the Damping-in- 
Roll Derivative, by D. Stone and C. San- 
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(Declassified Sept. 1954) 

Description and Investigation of a 
Dynamic Model of the XH-17 Two Blade 
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Books and Maurice A. Sylvester, NACA 
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fied Sept. 1954) 

The Development of a Turbojet Instal- 
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craft, by R. D. Richmond, G. Rosenthal, 
and F. M. Fergueroa, Toronto Univ. 
Second Canad. Sympos. Aerodynamics, 
1954, pp. 22-38. 

Drag Investigation of Some Fin Con- 
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Numbers Between 0.5 and 1.4, by John 
McFall, Jr.. NACA RM 1L50J12, Nov. 
1950. (Declassified Sept. 1954) 
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VISI 


the project, or items purchased from 
other manufacturers... the sole criterion 
is that they solve your automatic control, ~ 


= 


Engineering 


300 North Sierra Madre Villa, Pasadena 15, California 


Sales and Service through €E€ INSTRUMENTS, INC., a subsidiary with offices in: 
Atlanta, Chicago, Dallas, Detroit, New York, Pasadena, Seattle, Washington, D. C. 
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Launching Point 


Ever since 1946, when the Navy flew this nation’s 


first -urface-to-air guided missile, Fairchild has 


heen contributing to the advancement of mis- 


sile design and development. Fairchild built 


y 4 


that precedent-breaking missile. 


The experience gained has been broadened in- 


calculably by the variety of missiles produced 


for all the ived Services. 


N))) 


Today at Fairchild an integrated engineering 
team — adept in electronics, air frame structure 
and aerodynamics, propulsion and in the design 
of missile ground equipment — is applying the 
specialized knowledge that only years of expe- 
rience can bring to a number of current missile 


projects. 


FAIRCHILD 


WYANDANCH, N. Y. 
at Division, Hagerstown, Maryland * Engine Division, Farmingdale, N. Y. 
contro! Division, Wickliffe, Ohio Stratos Division, Bay Shore, N. Y. 
American Helicopter Division, Manhattan Beach, Calif. 
fornia 
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U. S. Army photo 


This U. S$. ARMY ORDNANCE facility, engaged in research and 
development of rocket engines and propulsion systems, is equipped 


with Potter Flow Meters to measure propellent flow rates. Sef 


For information on Potter Electronic 
Flow Indicators, Totalizers and Re- 
corders, Potter Airborne Indicating 
and Telemetering Systems, write to: 


aeronautical company 
ROUTE 22> UNION, NEW JERSEY 


BOUND =: Controlled All the Way by= 


STRATOPOWER 


the 66W Series of STRAKOPOWER Hydraulic 
lumps embrace a range\of models from 2 
#10 gpm at 1500 rpm with continuous pres- 
Mes to 3000 psi. Desig for maximum 
@tinvous speed of 3750 rpin... intermittent 
to 4500 rpm. 


Nile 
WATERTOWN DIVISION 


THE NEW YORK AIR BRAKE COMPAN 


HYDRAULIC PUMPS 


To the layman, the pinpointing 
of a destination for a guided mis- 
sile is still pure magic. But to the 
engineer, the control and guid- 
ance of rockets and guided mis- 
siles in flight simply means 
another application for 
STRATOPOWER quality and 
advanced design. 


The unerring performance of 
STRATOPOWER Pumps has 
been demonstrated times with- 
out number down through the 
years. At sea level and at 
heights still to be achieved these 
perfect examples of precision 
engineering provide the fluid 


Get the full story on STRATOPOWER 
constant and variable delivery Pumps 


for your hydraulic circuits. oe 


Y 


STARBUCK AVENUE 


TLSIOM yw 
NovVEMBER-DECEMBER 1954 


WATERTOWN: N.Y. 


© 


power that positively answers 
the question of weight vs. horse- 
power as well as the equally 
important requirement of long- 
lived dependability. 


In the designing of any high 
pressure hydraulic circuit there 
are definite advantages in 
STRATOPOWER Pumps. 
Whether yours is a problem for 
constant or variable delivery, 
high or low temperature opera- 
tion, capacities from .25 to 30 
gpm, STRATOPOWER will pro- 
vide the pump to 3000 psi that 
will resolve that problem NOW! 


WATERTOWN DIVISION 

THE NEW YORK AIR BRAKE COMPANY 

730 Starbuck Avenue *« Watertown, N. Y. 

Kindly send me information on STRATOPOWER 
Hydraulic Pumps 

Constant delivery Variable delivery 


Name. 

Company. 
Addr 
City. 


Zone. State 
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— the DOUGLAS YC-124B 


Recently the flight of a 200,000-pound 
sky giant rewrote air logistics. Here, 
utilizing turbo-prop power was the 
Douglas YC-124B Globemaster. 
Powered with four P&W engines— 


22,000 h. p- in all—its most effective 
ou operating altitude is six miles up. Pres- 


| 


Enlist to fly in the U. S. Air Force 


surized quarters for crew and attending 
engineers let them study engine per- 
formance and flight characteristics in 
comfort. Facts gathered to date include 
an over-all efficiency gain in terms of 
power, range, and lift per pound of fuel, 
and point the way to larger, faster and 


more efficient cargo-carrying aircrait. 

This new and advanced application of 
turbo-prop power is still further evi- 
dence of Douglas leadership in aviation. 
Planes that can fly faster and farther 
with a bigger payload are a basic rule 
of Douglas design. 


First step in the application OR 
/ 
| 
Depend on irst in Aviation 


HOW CAN AUTOMATIC CONTROL 
strengthen our defenses 


QW 
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MISSILE GUIDANCE .. . GUN STABILIZATION 
AIRCRAFT NAVIGATION ... WEAPONS SYSTEMS 


The staff of engineers at Ford Instrument Company are experts in the 
field of automatic control. Every week, in the laboratories and shops of 
this large company thousands of men are working on electronic, hydraulic, 
mechanical and electrical servo-mechanisms, computers, controls and 
drives to solve problems for the Army, Navy and Air Force. Ever since 
Hannibal C. Ford started, in 1915, to develop and build the first gunfire 
computer for the U.S. Navy, Ford Instrument has been leading the way 
in applying the science of automatic control to America’s defensive 
strength ... and to American industry. 


FORD INSTRUMENT COMPANY 


staff of several hundred engineers. If you are an engineer 
ond can qualify, there may be a position for you. 5 DIVISION OF THE SPERRY CORPORATION 
: 31-10 Thomson Avenue, Long Island City 1, N. Y. 
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EXCELCO DEVELOPMENTS 


INCORPORATED 
MILL STREET - BOX 230 - SILVER CREEK, N. Y. 


or Skill And Precision 
In The Development 
And Manufacture Of... 
ROCKET MOTORS 


and 


GUIDED MISSILE COMPONENTS 


Fabricators Of 


@ COMPLETE ROCKET MOTORS 

@ SPHERES FOR PRESSURE TANKS 

‘@ NOZZLES OF ALL TYPES 

@ INNER & OUTER THROAT SECTIONS 

@ AIRCRAFT SEATS & BULKHEADS 

@ ELECTRONIC CHASSIS & DETAIL ASSY 
LOX BOILERS 
TORUS TANKS ae 
SPECIAL MACHINING 


EXCELCO DEVELOPMENTS INC. 


¢ 
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HELL-ARC WELDING = FORMING OF STOCK TO PRECISION DIMENSIONS 


This story is wrapped up in seven packing cases. They contain the 
seven sections of the USAF B-61 Martin Matador pilotless bomber. 

It is the story of one of the most tradition-shattering pieces of hard- 
ware in this world . . . a zero-launch pilotless bomber that can be 
deployed to any spot on earth—without having ever been previously 
assembled —and with total interchangeability of parts. 

To realize fully the importance of this package job, you should know 
these things: 

.. The Matador meets performance requirements more exacting than 
those of a fighter plane. 

. Its instrumentation section alone is one of the most functional single 
packages ever developed. 

.. It is built by new Martin-developed processes that are causing basic 
changes in industry concepts and production methods. 
...And it is being delivered at the lowest known cost-per-pound of any 
military aircraft in production today. 

You will hear more about Martin! © 
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MINIATURE 


TIOMET 


hi 


Designed for measurin 
pressure in aircraft, gui 
missiles and other equip 
Bourns Gage Pressure P 
tiometers are available in r 
from 0-100 psi to 0-5,000 
Actuated by the fiexure of a 
Bourdon tube, these precision 
instruments have an electrical 
output which is linear with the 
applied pressure. Resolution of 0 
and power of 12 watt are obtaina 
in a wide variety of resistances. 


Though miniature in size and light in 
weight, BourNs Gage Pressure Potentiom- 
eters are extremely rugged and accurate. A 
_ ball-bearing supported linkage system trans- 
mits the movement of the Bourdon tube to the 
sliding contact. Instruments are not damaged 


by shock, vibration or nominal over-pressure. 


Bourns designs and manufactures other 
precision potentiometers for measuring position, 
_ differential pressure, absolute pressure, 

altitude and acceleration. 


Bourns is also the creator and exclusive 
manufacturer of the TRIMPOT . 
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6135 Magnolia Avenue, ‘Riverside, California 
Technical Bulletin on Request, Dept. 213, 
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~\ROCKET ENGINEERS. 


410) 


Calif, 
40) 
RESEARCH DEVELOPMENT DESIGN TEST 
3% 
416) 
= 
415 ogi 
sata — A long range program of research 

development in guided missiles 
has created unlimited opportunities 
a in all phases of rocket engineering. 

* Engineers with advanced degrees are needed for 

40) positions in Combustion Research and Physical 

Chemistry. 

a Engineers with or without advanced degrees are 
needed as: 

400 = 

- RESEARCH ENGINEERS... for studies in heat 
Ma. transfer and Thermodynamics 

35 
nd. DESIGN ENGINEERS... for design phases of 
393} 
= liquid rocket power plants, thrust chambers, — 

413 gas turbine pumps " 
FIELD ENGINEERS ... for coordination of activi- 
ties at field test sites 
TEST ENGINEERS... for development and pro- 

duction testing of liquid rocket power 
plants and their components 
COMPLETE ROCKET TESTING FACILITIES 


Openings also for Design Draftsmen and Technicians 
Send complete resume to: Manager, Engineering Personnel 
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SMOKELESS SOLID PROPELLANT ROCKETS 
ATO MOTORS, MISSILE BOOSTERS 
GAS GENERATION UNITS 


For Information or Employment... Contact C. E. BARTLEY, President 


GRAND CENTRAL ROCKET <O. 


REDLANDS, CALIFORNIA 
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